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Non-Gran Stops the Tractor’s 
“Knock” and the Farmer’s, Too 


Tractors must endure—not only severe service, but severe 
operators. 


The slightest wear in bearings, particularly non-adjustable 
bushings, causes knocks, noise and loss of power. 


To get at the knock, the motor must be torn down, causing 
loss of time, crops and money. Naturally, the farmer blames 


the tractor builder and often airs his opinion among his neigh- 
bors. 


Builders of some of the mest successful tractors and most of 
the prominent manufacturers in the automotive industry use 
Non-Gran exclusively. They’ve found that Non-Gran stands up 
two or three times longer than ordinary bronzes—that Non-Gran 
is a good-will builder for their products. 


Non-Gran is the result of ten years’ specialization on one alloy, 
produced by ene formula, one method and with one result:—a 
wear-resisting bronze of dependable endurance and uniformity, 
free from flaws, sand holes, air or gas pockets—a bronze that 
keeps tractors out of the shop and in the field by postponing 
bearing renewals. NON-GRAN HAS THE KNACK OF PRE- 
VENTING THE “KNOCK.” 


Tractor manufacturers building 
business for the future will use Non- 
Gran Bronze Bushings exclusively. 


The Non-Gran booklets give the facts and figures. May we 
send you copies? 


AMERICAN BRONZE CORPORATION 
BERWYN PENNSYLVANIA 
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The Semi-Annual Meeting of the 
Society 


Ottawa Beach, Mich., June 23 to 27, was a memor- 

able one. In making the plans for the meeting it 

was the effort of the Meetings Committee to have it com- 
pare favorably with the boat trips of previous years and 
surpass, if possible, the very interesting 1918 summer 
meeting at Dayton, Ohio. The program was designed to 
combine engineering interest and recreation, and with 
that object in view only the mornings were devoted to 
professional sessions, with provision for athletic contests 
and sporting events in the afternoons. In addition to the 
engineering interest aroused by the professional papers 
there was an exhibit of automotive apparatus which 
proved of great value from an educational point of view. 
There were approximately 700 members and guests pres- 
ent and all thoroughly enjoyed the splendid program of 
technical activity and recreation made possible by the 
fine weather. Among the guests present was Major- 
Gen. Clarence C. Williams, chief of ordnance, U. S. Army. 
The morning and afternoon of Monday, June 23, were 
occupied with the meeting of the Standards Committee, at 
which reports were presented by the Aeronautical, Elec- 
trical Equipment, Iron and Steel, Lighting, Miscellaneous, 
Motorcycle, Shaft Fittings, Stationary Engine and Light- 
ing Plant, Tire and Rim, Tractor, Transmission and 
Truck Standards Divisions. These reports, which sum- 
marized the activities of the various divisions since the 
Winter Meeting at New York City were on a par with 
those presented at previous meetings. The meeting of the 
Society proper began with a business session on Monday 
evening. At this meeting President Charles M. Manly 
delivered a masterly address on “The Future of Automo- 
tive Engineering” which created much enthusiasm. This 
address will be printed in an early issue of THE JOURNAL. 
Reports were presented by the Treasurer and the Mem- 
bership Committee. The Meetings Committee presented 
a report regarding the policy to be pursued in connection: 
with future summer meetings regarding exhibits of parts 
and accessories, as desired by some of the members. 
While the report was not discussed at the meeting up 
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to the time of going to press, informal expressions of 
opinion by individual members indicate that in the future 
exhibitions of this character will form a part of the 
Summer meeting when possible to arrange for them. 
The members of the nominating committee which will 
select the candidates for the 1920 officers of the Society 
were also elected. The members of this committee are 
J. E. Schipper, B. B. Bachman, F. E. Moskovics, J. V. 
Whitbeck, M. A. Smith, J. L. Mowry, J. T. R. Bell, C. F. 
Scott, C. C. Hinkley, W. H. Conant and G. P. Davis. The 
committee subsequently organized and elected F. E. Mos- 
kovics chairman and C. F. Scott secretary. It is expected 
that a report will be made at an early date, although 
according to the provisions of the Constitution ef the 
Society a ticket made up of consenting nominees can 
be submitted any time prior to Oct. 1. 

The first professional session of the meeting convened 
on Tuesday morning. This was designated as the Truck 
and Fuel Session, and papers dealing with these phases 
of the industry were presented. These included ones on 
“Motor Truck Ability and Its Relation to the Trend of 
Design” by L. P. Kalb, “The Engine-Fuel Problem” by 
Dr. Joseph E. Pogue, “Steel Truck Wheels” by P. W. 
Klinger and “Protective Coatings for Metals” by E. T. 
Birdsall. The discussion of the first two brought out 
much valuable information. With the exception of that 
by Mr. Klinger, these papers are printed in this issue of 
THE JOURNAL. In the evening a lecture on Wireless 
Telephony, accompanied by a demonstration, was deliv- 
ered by E. H. Colpitts, assistant chief engineer, Western 
Electric Co., and was entertaining as well as instructive. 

The session of Wednesday morning was designated by 
the Passenger Car Session and the outstanding feature 
was a symposium and discussion on the future passenger 
car. This consisted of a series of papers by E. H. Bel- 
den, H. M. Crane, L. H. Pomeroy, H. C. Snow and W. B. 
Stout. The papers by Messers. Crane, Pomeroy and Snow 
are printed elsewhere in this issue of THE JOURNAL, while 
Mr. Stout’s contribution appeared in the June issue. 
These papers were discussed at some length. The other 
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papers presented at this session were one on “Liberty 
Engine Materials and Their Use in the Automotive In- 
dustry” by Harold F. Wood and another on “‘Load-Carry- 
ing Possibilities of Angular-Contact Type Ball Bearings” 
by F. C. Goldsmith. Both of these are printed in this 
issue. 


In the evening there was a costume parade with prizes 
for the best costumes, which were won by Mrs. Norman 
Bell and J. M. Rogers. This was followed by a most 
interesting talk on “Gas Warfare” by Dr. John Johnston, 
professor of chemistry, Yale University, and a dancing 
contest. 

Thursday was designated as Army and Navy Day, and 
at the morning session a paper was presented by Com- 
mander J. C. Hunsaker, Bureau of Construction and Re- 
pair, Navy Department, dealing with the development of 
the NC flying boats. This is printed elsewhere in this 
issue of THE JOURNAL. Representatives of the Depart- 
ment of Military Aeronautics, the Ordnance Department 
and the Motor Transport Corps outlined the future rela- 
tion between the automotive industry and the Army de- 
partments. In the afternoon there was an exhibit of tanks 
and other automotive war equipment in action, and in the 
evening Lieut.-Col. A. J. Slade spoke of his experiences 
with the A. E. F. and the Armistice Commission. Fol- 
lowing the address, which was illustrated by motion pic- 
tures, there was a grand ball and supper. 


Engine and tractor subjects were discussed at the con- 
cluding professional session on Friday morning. The 
papers presented were “Working Processes of Future 
Combustion Engines” by Prof. C. A. Norman, “The Re- 
lation of the Tractor to the Implement” by Prof. E. A. 
White and “Electrical Heat Treatment of Steel” by H. P. 
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MacDonald. All of these papers are printed elsewhere 
in this issue of THE JOURNAL. 

With the exception of Monday and Thursday, the af- 
ternoons were given over to sports and recreation. In all, 
some thirty events were arranged, a number of which 
were open to the ladies who accompanied the members to 
the meeting, and prizes were awarded. On Monday af- 
ternoon there were no contests, as the meeting had not 
formally opened, and on Thursday the contests were 
somewhat curtailed on account of the exhibition of war 
equipment. On Tuesday, Wednesday and Thursday 
evenings there was dancing and motion pictures on the 
lawn, a dancing contest being held on Wednesday and 
the Grand Ball on Thursday. 


A partial list of the prize winners in the various sport- 
ing contests is as follows: 


100-yd. Dash, W. B. Wolf, first; H. G. Trump, second 

Ladies 50-yd. Dash, Mrs. F. N. G. Kranich, first; Miss 
Thomasma, second 

Fat Men’s Race, G. A. Sandford, first; F. E. Moskovics, 
second 

Shot Put, S. E. Kirby, first; H. P. MacDonald, second 

Standing Broad Jump, S. E. Kirby, first; H. G. Trump, 
second 

Hop, Skip and Jump, J. L. 
Rowburst, second 

Sand Hill Climbing, C. A. Call, first; J. Myers, second 

Running Broad Jump, Lieut. H. C. Rowburst, first; 
H. G. Trump, second 

Trap Shooting, S. S. Jenkins, first; R. A. 
second 


Mowry, first; Lieut. H. C. 


Graham, 


The Cleveland Section won the baseball game and will 
hold the S. A. E. cup until the next Summer Meeting. 

The winners of the prizes at the ladies’ five hundred 
party were Mrs. Bannister, first; Mrs. Benedict, second, 
and Mrs. Davis, booby. 


SOCIETY DINNER AT WICHITA TRACTOR DEMONSTRATION 


N connection with the National Tractor Demonstration to 

be held at Wichita, Kan., July 14 to 19, a dinner of the So- 
ciety will be held on the evening of Thursday, July 17. Up 
to the time of going to press, details have not been completed, 
but the members will receive announcements regarding it in 
ample time to make reservations. A meeting of the Tractor 
Division of the Standards Committee will be held on the 
morning of that day. 

The rules governing the demonstration provide that 2-hr. 
periods will be devoted to public demonstrations each after- 


noon, and the land for private demonstrations will be pro- 
vided daily in one or more fields adjoining the place where 
the public demonstrations are held. These private demon- 
strations will be held in the morning, with the exception of 
Thursday, which will be devoted to demonstrations of seed 
bed preparation, seeding and cultivating. In the public 
demonstrations to be held each afternoon no exhibitor will 
be allowed more than one tractor of each size and type doing 
the same kind of work on the field. He may have one or more 
machines performing different operations, 


such as one plow- 
ing, one ditching, one seeding, etc. 


ARMY EQUIPMENT FOR HIGHWAY WORK 


T the request of the Department of Agriculture, the War 
£% Department has ordered to be returned from France as 
soon as possible a large quantity of engineering equipment 
to be distributed to the states by the former department 
through the Bureau of Public Roads, for use in the construc- 
tion and maintenance of Federal aid highways. The equip- 
ment will be distributed to the states without charge, in 
accordance with recent legislation empowering the Secretary 
of War to turn over to the Secretary of Agriculture surplus 
military equipment not needed for military purposes but valu- 
able in highway construction work. The equipment will be 


apportioned on the basis of the allotments in the Federal Aid 
Road Act, in the same way that 20,000 Army motor trucks are 
now being distributed by the Bureau of Public Roads at the 
request of the State highway departments. 

The equipment which the Secretary of War has been re- 
quested to return from France includes about 1500 caterpillar 
tractors, about 400 steam and gas driven road rollers and a 
large number of concrete mixers, road graders, elevating 
graders, rock crushers, industrial locomotives, industrial rail- 
way track, dump cars, steam shovels, hoisting engines, elec- 
tric motors and quantities of smaller pieces of equipment. 
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Working Processes of Future Internal- 
Combustion Engines 








By C. A. Norman’ (Non-Member) 
SEMI-ANNUAL See TING Pa PER Illustrated with DRAWINGS AND CHARTS 
N investigation by the 2" ” ~ a pens iia cae niet aan ice tial set of traps really that have 
Ts aro pa nis paper the physica cesses underlying the ha 
United States Depart conversion of combustion energy into power are = got many a very clever in 
ment of Agriculture discussed. 


reveals the fact that 68 per 
cent of all traptor engine 
troubles occur in magnetos, 


ogg 


The various methods for producing the: 
= pressure differences necessary for the operation of : 
: ordinary heat motors are discussed. Theoretical and = 
practically attainable energy utilizations of engines = 


ventor into difficulties. To 
make a high-grade stationary 
engineer understand the “cy- 


‘ ; - Sn 

and turbines of the compressor, explosion and evap- = cle operating spa his steam 
spark-plugs and carbureters, = oration types are given and some possible lines of turbine, or the inherent “effi- 
or in the accessories of the = improvement are pointed out. Improvements are ciency” of that cycle, one 


present-day automotive en- 
gine. Bearings, cylinders and 
piston rings, valves and 
springs, lubrication and start- 
ing systems, that is to say, the 
parts common to all classes of * WVU TELL A 
combustion engines, give rise to only 32 per cent “of “alt 
troubles. From the point of view of reliability alone we 
have then a most serious reason to be on the lookout for 
some new type of automotive engine. 

The reason from the point of view of fuel utilization 
is even more compelling. An engine may be considered 
as having good carburetion that turns into shaft power 
more than one-fifth of the fuel energy supplied it. 
Four-fifths are regularly wasted in our automotive en- 
gines. Yet, the fuel must be a peculiarly high-grade one, 
a liquid meeting severe requirements of volatility, liquid- 
ity, etc. The question of continued supply of such a fuel is 
becoming a serious one. But there are weighty con- 
siderations beyond this. In an airplane fuel has to be 
carried by engine power. In all aeronautical craft high 
fuel consumption means a serious reduction in cruising 
radius. In ocean-going cargo vessels it means a reduc- 
tion in available revenue space. From purely practical 
points of view the question of fuel economy, no less than 
the question of the nature of the fuel, is a momentous 
one. The question of what a fuel will do for us is wholly 
a question of what sort of a process the fuel is put 
through in the engine. What happens to it? Just in 
what way is combustion turned into power? 

It is very unfortunate that in dealing with this ques- 
tion engineers have so far insisted upon being even more 
abstruse than scientists. The scientists strive to under- 
stand what actually goes on. They have by wonderful 
methods of analysis and experimentation arrived at a 
point where we feel that we almost see things which, 
strictly speaking, must remain invisible. We can “see” 
the individual effects of an electron, a body two thousand 
times smaller than the smallest atom. We know very 
accurately the velocities of gas molecules, of which there 
are a billion billion in a cubic inch; we know how these 
velocities are distributed. We can see how heat changes 
into power and power into heat. 

In contradistinction to this the engineers persist in 
dealing with “cycles,” an entirely fictitious and artificial 
something which has no real counterpart in nature, a 


= are especially emphasized. 
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1Professor of machine design, Ohio State University, Columbus, 
Ohio 





= found to be possible with all three types. 
bilities of the compressor motor and the steam plant 


= As an illustration of what scientific investigation 
might bring in the future certain promising results 
with electrical combustion batteries are mentioned. 


The possi- would first have to make him 


study a textbook of thermo- 
dynamics; whereas to show 
him how the velocities of the 
steam molecules are converted 
into the velocity of his tur- 
bine blades is a simple thing, requiring hardly any prep- 
aration whatsoever. 

In this paper the attempt will be made to look at the 
working processes in internal-combustion engines as 
processes, not as cycles; although naturally in a paper of 
the scope of the present one the attempt must remain 
very sketchy and incomplete. 


I sessment 
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NATURE OF COMBUSTION AND ENERGY UTILizaTINo 


Combustion as usually understood in practice is the 
more or less violent combination of chemical atoms into 
new molecules. A number of carbon atoms are tied to- 
gether with a number of hydrogen atoms to form a hydro- 
carbon molecule. Two atoms of oxygen are tied together 
to form a molecule of oxygen. These two molecules ar- 
rive in the neighborhood of each other. The attraction 
between the oxygen atoms on the one side and hydro- 
gen and carbon atoms on the other being extremely 
strong, the hydrocarbon molecule as well as the oxygen 
molecule is torn to pieces; the individual atoms rush to 
each other and molecules of carbon dioxide and water 
vapor are formed. 

The force of the impact of the atoms is such that the 
new molecules are hurled through space with tremendous 
velocities. At 3000 deg. fahr. the velocity of a carbon 
dioxide molecule is approximately 3500 ft. per sec., that 
of a molecule of water vapor 5500 ft. per sec. A temper- 
ature of 3000 deg. fahr. is easily obtained in our internal- 
combustion engines. The velocity varies with the square 
root of the temperature. The number of molecules in a 
cubic inch is, as stated, about one billion billions. Fun- 
damentally our problem is then to utilize for our power 
purposes the velocities of incredibly small particles, fiy- 
ing through space with the velocity of projectiles. This 
problem is complicated by the fact that the velocities 
occur in all conceivable directions. The molecules shoot- 
ing through space collide with each other and rebound. 
Any gas above absolute zero temperature may be thought 
of as a swarm of molecules dashing about in all directions 
at incredible speeds. 

Looking for the moment apart from the electrical util- 
ization of combustion, about which more is said at the 
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end of the paper, two ways of utilizing these velocities 
present themselves. 

In the first place the molecules wherever they dash 
against a wall exert by their combined impact pressure 
on that wall. This pressure can be easily expressed in 
figures. It is 


P=1nm v*, where 


p =the pressure per sq. in. 

nm =the number of molecules per cu. in. 
m =the mass of each individual molecule 
v = their speed in in. per sec. 


The product nm is the mass of the gas per cubic inch, a 
quantity well known for all gases. 

If the pressure of the gas on the wall is to move the 
latter, it is manifest that the pressure on the other side 
of the wall must be lower, so as not to counterbalance 
the “inside” pressure. The establishment of a pressure 
difference on two sides of a wall is then necessary to 
utilize for power purposes the gas pressure exerted by 
chaotic impacts. On this principle all piston engines, 
whether reciprocating or rotary, are founded. 

A second way out, however, is possible. The velocities 
of the molecules are chaotic on account.of the rebounds 
in all directions. Suppose the molecules in one certain 
direction were entirely removed, or at least very much 
reduced in number. Then those dashing in this direction 
would not rebound, but would proceed untrammeled on 
their way. A stream, or jet, in this direction would be 
established which could be used on a turbine wheel. A 
gas turbine at once suggests itself. The difficulty here 
is the high velocities with which the molecules move; then 
also the high gas temperature incident to combustion. In 
any case we recognize that removing molecules in one 
direction means reducing the pressure in this direction. 
Here again the fundamental problem is the establishment 
of a pressure difference. 

Now as we shall see at the end of the paper, it is 
possible to establish pressure differences in solutions by 
chemical means and utilize these pressure differences for 
the direct production of electricity. 

Looking aside from this, however, and confining our- 
selves to methods more usually recognized as belonging 
to the field of mechanical engineering, these methods of 
pressure, or vacuum, production are perfectly well known 
and not of unlimited number. They are: 


(1) By compressors and exhausters 
(2) By explosions in confined spaces 
(3) By boiling in confined spaces 

(4) By condensation 

(5) By heating and cooling 


Usinac COMPRESSORS AND EXHAUSTERS 


One of the first engines to operate on this principle was 
that of Brayton. A section of the compressor and the 
working cylinders of this engine is shown. A charge of 
gas and air is drawn into the compressor cylinder, com- 
- pressed and discharged into a receiver. From there a 
small amount passes continuously into the working cylin- 
der through the grating a and is kept burning. At the 
beginning of the working stroke the admission valve } 
opens and a full charge passes into the working cylinder, 
igniting as it passes through the flame. The grating 
prevents the flame from striking back into the receiver. 
The compressor can be driven from a common crank- 
shaft or a beam. 

Gas and petroleum engines of this type were de- 
veloped with great energy by Brayton. Two of them 
were used some time in the seventies to operate a pair 
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of boats on the Hudson River. Yet the grating and other 
parts gave mechanical trouble. More serious was the 
fact that the fuel economy was extremely poor. Only 6 
per cent of the fuel energy was turned into power. The 
energy utilization of the Otto explosion engines appearing 
simultaneously was twice as high. For further progress 
it becomes necessary for us to look into the nature of 
energy utilization. 

It is commonly known that a pound of fuel can produce 
a perfectly definite amount of heat or of work on com- 
bustion. Engineers mostly assume that the amount of 
heat and the amount of work are identical and are given 
by the so-called heating value of the fuel. This heating 
value is determined by burning the fuel in a bomb 
calorimeter, either with oxygen or with a substance con- 
taining oxygen like chlorate of potassium. As a matter 
of fact, the heating value and the maximum work doing 
capacity are identical only at a temperature of absolute 
zero. At any other temperature the maximum work do- 
ing capacity may be either greater or less than the heat- 
ing value. At ordinary atmospheric temperature of 
about 70 deg. fahr. the conditions are given in Table 1. 


TABLE 1. HEATING VALUE AND WORK DOING CAPACITY AT 


APPROXIMATELY 70 DEG. FAHR. 


Ratio Work Work 
Capacity to Capacity, 
Heating B.t.u. hp.-hr. 
Fuel Value per lb. per lb. 
Hydrogen burned to water 0.94 48,700 19.20 
Carbon monoxide to dioxide 0.98 4,300 1.70 


Carbon to carbon dioxide.. 1.00 
Carbon to carbon monoxide 1.21 
Hexane to carbon dioxide 
a ee 1.03 
Alcohol to carbon dioxide 
ie WHEE ob ce uwacese 1.03 


14,700 5.80 
5,390 2.12 


21,400 8.40 
13,800 5.30 


As will be seen, the difference between the work and 
heat values of our two most important fuels, coal and 
fuel oil, carbon and hexane, is not enough for practical 
men to bother about. At the same time, that carbon 
burned to carbon monoxide can by extracting work en- 
ergy from the atmosphere do 21 per cent more work than 
that furnished by its heat value, is a fact somewhat too 
interesting to leave entirely unnoticed even in a paper 
intended for practical men. We are dealing here with 
working processes of the future, not knowing even what 
the fuels will be. It is well to have one’s eyes open to all 
the possibilities of the situation, even if they do not ap- 
pear to be of any particular interest now. 

The Brayton engine turned 6 per cent of the heat or 
work capacity of the fuel into power. How much could 
an engine of this type give as a maximum? The working 
cylinder, before it can give any useful power, must drive 
the compressor. We must arrive at a ratio between com- 
pression and expansion work. When a gas is compressed 
it means that the molecules are hurled into each other 
from an advancing wall, their speed increasing with each 
impact against this wall. The temperature of the gas is 
inherently nothing else than the velocity energy per mole- 
cule, 42mv*. The gas is heated up. Conversely, when the 
gas expands the molecules recoil from a receding wall, or 
a receding mass of molecules and the impacts slow them 
down. The gas cools. In compression we store up work 
in molecular energy; in expansion we convert molecular 
energy into work. 

If the terminal temperatures and pressures of a com- 
pression and an expansion are the same, then the com- 
pression work and the expansion work per pound of gas 
are the same. If the initial temperature of expansion, 
measured from absolute zero, is five times the end tem- 
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WORKING PROCESSES OF FUTURE INTERNAL-COMBUSTION ENGINES 5 











perature of compression, then the expansion work be- 
tween the same pressure limits is five times the compres- 
sion work. In all our internal-combustion engines by far 
the main part of the working fluid both before and after 
combustion is nitrogen from the air. For a rough esti- 
mate we can therefore regard the whole engine process 
as one carried out by compressing, heating and expand- 
ing nitrogen alone. 

We see immediately that for compressor engines to 
have a large margin of net power, it is necessary for the 
expansion to be carried out at a much higher tempera- 
ture range than the compression. The exact figures are 

Ratio of absolute initial 

expansion temperature 
to compression’ end 


COMAMOCTACUTS 2.0 0 ke ces 2 4 6 8 10 
Net work, percentage of 
expansion work ...... 50.0 75.0 83.0 87.5 90.0 








CROSS-SECTION OF THE BRAYTON ENGINE 


Suppose the compression is carried from atmospheric 
pressure to about 150 Ib. absolute, a compression ratio of 
1 to 10. The end temperature of compression from 70 
deg. fahr. is about 1020 deg. fahr. absolute or 560 deg. 
fahr. We cannot think of handling temperatures in our 
engines very much in excess of 4000 deg. fahr. or 4460 
deg. absolute. The initial temperature of expansion is 
about four times the end temperature of compression. 
The net work is then theoretically 75 per cent of the ex- 
pansion work. To determine the energy utilization we 
have now only to determine what percentage of the heat 
put into the gas is converted into expansion work. 

Expansion in the ratio of 1 to 10 about halves the 
absolute temperature. About half the heat is left in the 
gas. If all the heat came from fuel, we should then 
theoretically have an energy utilization of 0.50 * 0.75 = 
37.5 per cent. 

Here, however, an extremely interesting possibility of 
the compressor engine comes into play. As now proposed 
the combustion in this type of engine is usually carried 
out not in the working cylinder but in the receiver. As 
shown schematically for a gas turbine, the compressor 
feeds air and a pump supplies fuel continuously to this 
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UTILIZING A HEaT INTERCHANGER IN A COMPRESSOR ENGINE 


combustion chamber. An extremely complete combus- 
tion of any kind of liquid or gaseous fuel can thus be 
obtained. Now, suppose we use the exhaust gases to 
heat the fuel air in a heat interchanger between compres- 
sor and receiver. Theoretically speaking the fuel has 
then only to make up the interval between the exhaust gas 
temperature and the maximum temperature used. Again, 
theoretically speaking, since the heat supplied is now ex- 
actly equivalent to the expansion work and no heat is lost 
in exhaust, we have’ here possibilities of attaining en- 
ergy utilizations around 70 per cent. A similar possi- 
bility does not exist. in the case of the ordinary explosion 
engine, where the exhaust heat is lost at least for pur- 
poses of power production in the same engine. 

These possibilities are perfectly well known especially 
to inventors and investigators in the gas turbine field, 
and in spite of difficulties occurring in the practical re- 
alization of the compressor working process, these possi- 
bilities should continue to stimulate to further efforts in 
the field both of turbines and reciprocating engines. It 
may be well to point out what the difficulties are. First, 
the process is peculiarly sensitive to inefficiencies of com- 
pressor and expander. If both have an efficiency of 100 
per cent then the margin of net work in the example 
above was found to be 75 per cent of the expansion work. 
If the efficiency of the expander is reduced to 60 per cent, 
leaving 60 per cent of the expansion work available at the 
shaft and the efficiency of the compressor is also 60 per 
cent, it then requires 0.25 — 0.60 = 42 per cent of the 
theoretical expansion work to drive it. The margin left 
is 60 — 42 = 18 per cent of the expansion work. At 50 
per cent efficiency of both expander and compressor the 
margin disappears entirely. This is something that many 
investigators, thanks to the obscureness of ordinary 
mathematical thermodynamics, have failed entirely to 
realize. It will then not do to operate with any sort of 
slipshod arrangements. The design must be such as to 
avoid as carefully as possible friction, throttling and 
cooling losses. This can, in my opinion, be done to the 
necessary extent at least in the case of reciprocating en- 
gines. In the case of turbines the rotation, or windage, 


losses in the turbine part and other turbulence losses in 
the centrifugal compressor part have proved most seri- 
All hope is by no means lost yet. 


ous obstacles. If all 
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the money spent in this field by workers with insufficient 
realization of what the nature of the problem demanded 
were spent over again by workers with sufficient scientific 
insight I think results could be produced. 

For compressor engines as well as compressor turbines 
have run. Such an engine, aside from the Brayton de- 
sign, is that of Kraus; such a turbine, that of Armengaud- 
Lemale, the combustion chamber and turbine wheel of 
which are shown. This outfit was successful enough to 
lead to the formation of a gas turbine corporation in 
France. The gas turbines of this company, while they 
are not used commercially for power production on ac- 
count of inefficiencies, have been installed regularly to 
run French torpedoes in connection with stored com- 
pressed air. The weight of these turbines is very low, 
only 1.3 lb. per hp. I have been at work in this field 
for a long time and once proved to the satisfaction of 
some leading engineers that a combination of a gas tur- 
bine with an exhaust-heat steam turbine plant to drive 
the compressor would be both efficient and. at the same 
time about the cheapest form of stationary plant to build 
and operate. For reasons that cannot be stated here the 
development has been held in abeyance. 

Second, high temperatures were found necessary to get 
a good energy utilization. These are serious in a turbine 
on account of difficulty of cooling the revolving disks 
and buckets; in a reciprocating engine, on account of the 
necessity of passing the hot gases through admission 
valves. However, bucketless turbines may be thought 
of; disks made of non-metallic materials have recently 
been talked about in connection with a gas turbine 
claimed to operate, and valve constructions capable of 
handling the temperatures without too much cooling and 
throttling loss should not be beyond the scope of Ameri- 
can ingenuity. I have dabbled in the field and am on the 
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whole full of hope. One solution, however, which has 
often been proposed, that of water injection in the com- 
bustion chamber, is fundamentally wrong from the stand- 
point of energy utilization. 

A chart showing the conditions obtaining in this re- 
spect is reproduced. This is figured for an actual hydro- 
carbon fuel, burning with air, not for theoretical condi- 
tions. An isothermal compressor efficiency of 0.75 per 
cent has been assumed. Various expander efficiencies 
are given on the curve. The full lines give energy utiliza- 
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SPECIFIC HEAT CURVES FOR A CONSTANT VOLUME OF FUEI 
tion without a heat interchanger, the broken dash line 
the utilization with an interchanger, allowing liberally 
for heat drop through the walls and allowing no tem- 
peratures that steel cannot stand easily. In short, this 
chart shows what a compressor engine may reasonably be 
expected to do when running with present-day apparatus 
on present-day fuel. It will be noticed that utilizations 
at least nearly equal to those of the Diesel engine may be 
looked for. The engine needs, however, no high-pressure 
compressor, has no tricky injection valves, no marvel- 
lously high-explosion pressure and yet will run on fuels 
if anything poorer than those of the Diesel or solid- 
injection engines. 

The curves are in thorough accord with such prelimi- 
nary experiments as have been carried out. It should 
be noted, however, that water injection may reduce cool- 
ing losses to some extent and shift the expander ef- 
ficiency from a lower curve to a higher. On these con- 
ditions, determinable only by experiment, I cannot here 
enter. 

For those who wish to carry out calculations of this 
kind there are given a set of specific heat values and 
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SPECIFIC HEAT CURVES FOR FUEL AT A CONSTANT PRESSURE 
C, + Cy values applicable to the combustion gases from 
gasoline or kerosene, also crude oil, with varying amounts 
of air. It is well known that these specific heats increase 
very considerably with the temperature, rendering calcu- 
lations with constant specific heats or theoretical thermo- 
dynamic formulas based thereon highly inaccurate ex- 
cept for purposes of rough orientation. The curves are 
based on the most recent determinations by Nernst and 
others and the exact experimental data are given in an- 
other chart. 

The indicator diagram of the compressor engine of- 
fers nothing of interest. It is a straight compressor di- 
agram for the compressor end and a diagram exactly 
similar to a steam diagram for the expander end. 


COMBUSTION IN CONFINED SPACES 


The explosive process as introduced by Otto can be 
operated either by the compression of the mixture and 
ignition by special ignition devices, as in all our usual 
automotive engines; or by the compression of the air 
alone and the injection of the fuel at the end of the com- 
pression stroke as is done in the hot-spot, the Hvid and 
the Brons engines. In the last two mentioned, which are 
really the same, the ignition is by the heat of compres- 
sion only. In all these engines only part of the maximum 
pressure is secured by mechanical compression, the re- 
mainder is obtained by temperature increase due to com- 
bustion. 

This renders the process less sensitive than that of the 
compressor engine to inefficiencies of compression. On 
the other hand, since the expansion ratio in an ordinary 
reciprocating engine can never be greater than the com- 
pression ratio, it is manifest that the expansion can never 


be carried to atmospheric pressure. A great deal of 
energy is left in the gases in the form of heat. This heat, 
as stated, cannot be applied advantageously to the 
working mixture in the same engine. Theoretically, 
therefore, the working process is less economical than 
that of the compressor engine with a heat interchanger. 

The methods indicated in the previous paragraph have 
been applied to a process using a compression pressure of 
500 lb., absolute, and a maximum temperature of 4000 
deg. fahr., corresponding to a maximum pressure of 1060 
lb. absolute. The theoretical compression temperature is 
800 deg. fahr., a temperature that may well be expected 
to preignite any fuel capable of carburetion. The theo- 
retical energy utilization of the engine is 58 per cent. 
With a compression efficiency of 90 per cent and an ex- 
pansion efficiency of 80 per cent, the actual utilization of 
the engine would be 39 per cent. A higher utilization 
than this should never be expected from any engine using 
the ordinary explosion process. With fuel injection 
instead of carburetion higher compressions may be used, 
but the combustion will be less rapid. 

Actually, Diesel engines with compressions as high as 
550 lb. have on the test stand reached utilizations of over 
36 per cent. In these engines, as shown by the diagram, 
fuel injection by air is arranged so as to maintain a prac- 
tically constant pressure for a short time interval. From 
the efficiency point of view this is a drawback. It means 


1,40 


1,39 











1.838 | —————_-—_— 





1.37 





1,36 






























































1.23 - 
10 20 30 40 50 60 
Pounds of Air per Pound of Fuel. 


CURVES OF Cp + Cr VALUES FOR VARIOUS AMOUNTS OF AIR 
































































that the expansion ratio is less than the compression ra- 
tio. At full load or overload the pressure is sustained 
longer than at reduced load. Hence it is found that 
Diesel engines at reduced load often give better fuel 
economies than at full load. This is true until the di- 
agram becomes so “lean” and the expansion work of the 
gases per stroke so small that it is consumed entirely in 
the mechanical running losses of the engine. 


PISTON ENGINES 


The gain in efficiency due to increased expansion was 
clearly realized by early gas engine inventors. Charon, 
Atkinson, McGhee-Burt and others evolved means for ob- 
taining expansion ratios in excess of the compression ra- 
tio. Charon on the compression stroke simply rejected 
part of the charge into the suction line. With a com- 
pression giving a mean indicated pressure of only some 
43 lb. he attained energy utilizations of from 26 to 27 
per cent. Similar economies were attained by McGhee- 
Burt in spite of low mechanical efficiency due to double 
pistons in two cylinders. Also, Atkinson attained credit- 
able results with his “differential” and “cycle” engines in 
spite of great mechanical complexity and consequently 
low mechanical efficiency. 

Later on it was recognized that energy utilization 
could be materially improved by increased expansion due 
simply to increased compression and the complications of 
the “prolonged expansion” engines were scouted. How- 
ever, if the expansion were carried almost to atmosphere 
with the assumptions used above, an actual energy utiliza- 
tion around 40 per cent might be attained. This is 
decidedly worth striving for. Americans are strong in 
the development of ingenious, yet simple, mechanisms. 
Here is a problem well worthy of a gift of that kind. 

For the practical man the two questions of more im- 
mediate importance are, however: 


(1) What means have we for making the energy util- 
ization of our ordinary carburetion engines ap- 
proach the high values just given 

(2) What are the possibilities of replacing our present 
type of automotive engines with units of the in- 
jection type 

I must admit that I am fundamentally opposed to car- 

bureters and electrical ignition devices. Do what you 
please, these elements are tricky and complicated labora- 
tory instruments fundamentally differing from the kind 
of stuff we want to subject to rough handling by ama- 
teurs or busy practical men. Our efforts ought to be 
bent to the abolishment of this type of apparatus entirely. 
However, for those of us who nevertheless feel that a 
bird in the hand is better than ten in the woods, there are 
two main ways of attack: (1) The development of fuels 
allowing higher compression. Excellent work along this 
line has been done by Rittman of the Bureau of Mines 


as well as by the organization headed by Past-president. 


Kettering of this society and probably by others. (2) The 
perfection of the combustion process. With our present 
fuels, speeds, carburetion and ignition systems, the com- 
bustion in our automotive engines continues all through 
the expansion stroke, and 20 to 30 per cent of the fuel 
passes out unburned. 

A great deal of very good work is at present being done 
on carburetion. Some good carbureters even for kerosene 
seem to be in the process of introduction. Some good 
scientific research is being carried out. In spite thereof 
it is not amiss to say that less invention and more scien- 
tific scrutiny is the need of the hour. There are close to 
4000 carbureter patents on file in the United States and of 
these not much over one in ten is worthy of any notice. 
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We must as a nation come to understand that it is not 
practical common sense to spend years in trial and tinker- 
ing, when 2 weeks of concentrated scientific study might 
save all that trouble. After all our prodigious efforts it 
still was necessary for a Government committee during 
the war to state that we did not know the fundamental 
principles of the flow of air and liquids through small 
openings and could not intelligently design a carbureter 
if we wanted to. Yet all these things are easy to find out. 

I have little faith in “fog” mixtures, carburetion by, 
mechanical means only. Such carburetion is apt to be 
tricky. The best fog is, however, undoubtedly produced 
by a liquid that has been in the state of complete evapora- 
tion. In this field, however, much better progress would 
be made if the formation of the fog were studied as a 
separate problem entirely apart from the engine, rather 
than by running engines on all kinds of devices and 
watching for carbon. 

Combustion in the engine is accelerated by nothing 
more than turbulence. In the Gile engine compression 
takes place between the main piston and an auxiliary one 
superimposed on it. At the end of the compression stroke 
the mixture is forced through flutes in the wall into the 
combustion space. A violent turbulence and a thorough 
mixing are induced and the engine, according to analysis, 
gives extremely good combustion; at the expense, how- 
ever, of a great increase in compression work. The fuel 
economy, while good, is therefore not surprisingly high. 
Here is a tield for invention. Ignition at several points is 
a possibility and also a complication. 

One point on which there is much misunderstanding 
among practical men is the question of air heating. Hot 
air means high end temperature of compression. The 
maximum temperature producible does, however, not vary 
very much. The ratio of maximum pressure to compres- 
sion pressure is the same as the ratio of maximum tem- 
perature to compression temperature. Hence, with a 
higher compression temperature we get a lower maximum 
pressure. The power of the engine goes down. The com- 
pression work is a greater percentage of the expansion 
work and inefficiencies of compression are felt more in 
the efficiency of the engine. However, if by increasing 
the temperature of the air we can get a more perfect 
carburetion and combustion, this as a rule more than off- 
sets the greater influence of compression inefficiencies. 
Perfect carburetion of present-day kerosene, according 
to my investigations as published in Automotive Indus- 
tries, Feb. 27, 1919, requires a mixture temperature of 
about 220 deg. fahr. and an air temperature before mix- 
ing of about 300 deg. fahr. The temperatures for gaso- 
line, if anybody can say what gasoline is, may be 100 
deg. fahr. for the mixture and 160 deg. for the air. 

It may not be clear to all why sustained combustion 
should not give as good results as more explosive com- 
bustion. The following explanation is given simply as an 
illustration of molecular reasoning. Molecular velocity is 
transformed into piston velocity, i.e. useful work, by ex- 
pansion. The more a gas expands after heat has been 
imparted, the more of that heat will be transformed into 
work. It is therefore desirable to impart heat as early 
in the stroke as possible so as to make it convertible into 
work by the maximum amount of remaining expansion. 
Heat imparted late in the stroke will have a much smaller 
chance for conversion and will therefore be imperfectly 
utilized. 


INJECTION ENGINES 


A great deal of very energetic work is at present being 
done in the United States on various forms of injection 
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engines. The most startling development in this field is, 
however, the adaptation of the German Junkers engine to 
aeronautical purposes. This is a two-cycle engine using 
two pistons working in opposite directions in the same 
cylinder and uncovering two sets of ports at the end of 
the stroke. Scavenging air enters through one set and 
sweeps the combustion products out through the other. 
The engine is consequently valveless except for the in- 
jection valve. 

This, however, is the difficult part in all injection en- 
gines. At high speeds and comparatively small dimen- 
sions, the dimensions of the injection valve become mi- 
nute and mechanical injury is to be expected. With in- 
jection without high-compression air the exact shape of 
the valve to produce a good spray is a matter of tedious 
and painstaking experimentation. Complete combustion 
of a fuel injected in liquid state is at high speed, also not 
easy to secure. With injection air a multi-stage air com- 
pressor is necessary. Means of obviating this has been 
proposed, for instance by Higgins, although at the ex- 
pense of delayed ignition. 

For aeronautical uses, where special fuels even at a 
somewhat increased price will never be a serious con- 
sideration, I have proposed and to some extent tried a 
partial evaporation by the exhaust heat of the gasoline 
before injection and at injection pressure. This would 











| /H.,0 
4.00 | = ae pe a il fens mne —t BS_D 
x 
| 
x 
| }-11.0 -° 
fe 
| gf 
| Q 
-10.0 2 
2 x “ 
oO S 
= 00 -—9.0 5 
| | = 
x 4 = 
& = 
=. = 
ro — 8.0 3 
= il 
= x 5 
- * 
- 3g | —7.0 
> x = 
own H oO No, CO, HCl = 
, F z 
= 2.00 0 -6.0 5 
= oe oe ee | - 
Ss O-IN, {0,4} CO, HCI 2 
“ += aT = 
oO-|H»O =] 
5 i oe, —5.0 oO 
L xy- CO so ve 
Ty? @ + + > + + + + + > +— + - 
v- Av. ( Monatomic 
4 
-4.0 
0 200 | 600! 1000 1500 2000 2500 3000 3500 100) F 
0 1100 | 300 00 800 1000 1200 1500 2000 1 
“Vv 7 ¥ p st a (on — 3.0 
0 10000 20000 30000 
Kilojoutes per Mol, of Monatomic Gas 
EXPERIMENTAL DATA UPON WHICH THE SPECIFIC HEAT CURVES 
ARE BASED 






_— Full Load, 


Reduced Load 





nl 


vD 


INDICATOR DIAGRAM OF A COMPRESSOR ENGINE 


insure both an increase in the volume of the fluid and a 
very much more energetic mixing after injection with- 
out any intricate shapes of valves. 

The injection engines deserve the greatest attention 
from inventors with ingenuity as well as especially from 
development men with a great deal of patience and detail 
care. A combination of the work at both might lead to 
the development of some very efficient as well as rugged 
and dependable engines for automotive uses. 

With solid-injection engines it might be of interest to 
study the effect of air heating by the exhaust. Even if 
the power were reduced somewhat, which is questionable, 
a more rapid and perfect combustion might very well 
give an improvement in fuel economy more than counter- 
balancing this disadvantage. 


EXPLOSION TURBINES 


In explosion turbines the inefficiency due to inade- 
quate expansion does not inherently obtain. The mix- 
ture is drawn into an explosion chamber and exploded, 
whereupon the gases expand through a nozzle and im- 
pinge upon a turbine wheel. A section of a turbine of 
this character actually built and operated by Holzwarth 
in Germany is shown. The turbine is vertical and in- 
tegrally connected to a generator. The design is both 
ingenious and graceful. 

Owing to the possibility of expanding to atmosphere 
this turbine would, if the process otherwise were exactly 
the same as in the reciprocating engine, have a theo- 
retical energy utilization of about 67 per cent, the pres- 
sure and temperature conditions taken to be those as- 
sumed before. Actually the process is not exactly the 
same. The compression cannot take place in the ex- 
plosion chamber itself, but must be furnished by an out- 
side compressor. This, on account of the added delivery 
work, increases the compression work theoretically about 
40 per cent, practically on account of much greater in- 
efficiencies very much more. If we use turbo-compres- 
sors their adiabatic efficiency will even for very large 
sizes hardly reach 75 per cent. The delivery in the com- 
bustion chambers will, on account of turbulence losses, 
reduce this efficiency at least 5 per cent more. Moreover, 
looking aside from some theoretical differences, a tur- 
bine wheel operating with a falling pressure cannot be 
efficient; 60 per cent is a high estimate for the efficiency 
of such a wheel. Making these allowances, the thermal 
efficiency of the turbine drops from a theoretical one of 
about 67 per cent to a practical one of 13.8 per cent. 

This shows the danger of working with half under- 
stood formulas and generalizations. A very great num- 
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ber of inventors with very good engineering education, 
yet not capable of detailed analysis, have fallen in the 
following snare: Their theoretical textbook formula 
shows an energy utilization of 67 per cent. Now, they 
reason, there is not a single piece of apparatus in my 
machine that has not an efficiency of over 50 per cent. 
Consequently the whole machine ought certainly to have 
a utilization of 0.50 « 0.67 = 33.5 per cent. Actually the 
situation is that two people are eating into a pie from 
both sides. If both are entitled to one-fourth there 
should theoretically be one-half of the pie left. But if 
both eat twice as much as they are entitled to, that does 
not mean that there is going to be only half as much pie, 
or one-fourth, left. It means that there is going to be 
nothing left at all. Similarly, a compressor may require 
theoretically only 25 per cent of the expansion work of 
the expander, leaving 75 per cent net. If the compressor 
is 50 per cent efficient, it actually, however, requires 25 
0.50, or 50 per cent. If now the expander is also 50 per 
cent efficient it will actually yield only 50 per cent expan- 
sion work and the compressor will take it all. 

This is the tragedy of the gas turbine situation and 
was the tragedy especially of the much-heralded German 


Holzwarth. He succeeded in getting money to build a 
plant. The wheels turned, and, mechanically, the plant 


Was quite a success. But the utilization did not come 
out, in fact, only a small fraction of it. Then Holz- 
warth wrote a beautiful book proving mathematically 
that while the utilization had not come out yet, it was 
bound to come out in time. In response to this the grand 
old man of turbine theory, Stodola, proved that while 
Holzwarth’s formulas were all right individually, they 
were all wrong when put together, and that in conse- 
quence his turbine would never meet expectations. An 
energy utilization of 13 to 15 per cent was all that could 
be expected of it. For the turbine without an auxiliary 
steam plant, I incline to the same belief from an entirely 
different method of reasoning. 

Many inventors have tried to dispense with compres- 
sion in gas turbines entirely. Even Holzwarth proposes 
the use of an exhauster to draw gas into his combustion 
chambers. He actually did use a low-pressure compres- 
sor. This exhauster, or compressor, he intended to drive 
by steam raised on the exhaust of the turbine. As a mat- 
ter of fact it is not altogether impossible that utilizations 
of around 20 per cent may be thus obtained. However, 
an explosion turbine is, if anything, a more complex ma- 
chine than a reciprocating engine, and, if it needs an 
extra steam plant for its operation, only very unusual 
fuel economies could justify its adoption. As a matter of 
fact, a straight steam plant can be made to give an ef- 
ficiency over 20 per cent and run on coal. So the com- 
mercial prospects of the explosion turbine do not seem 
alluring. 


GAS TURBINES FOR AERONAUTICAL PURPOSES 


While there are no immediate prospects of gas turbines 
suitable as prime movers for aeronautical purposes, an 
interesting application has been made by Rateau of a 
gas turbine running on the exhaust of an airplane en- 
gine. This gas turbine utilizes the expansion of the ex- 
haust from ground level pressure to the lower pressure 
at high altitudes to compress, by a centrifugal compres- 
sor, the combustion air from the altitude pressure to 
ground level pressure. The mean effective pressure of 
the engine is thereby maintained at all altitudes. 

The temperature of the air at high altitudes is not 
much above freezing, say 500 deg. fahr. absolute or 40 
deg. fahr. This temperature will be carried by compres- 


sion to something like 600 deg. fahr. absolute. 


The ex- 
haust gases have easily three times this temperature. 
They could therefore deliver theoretically more than 
three times the compression work necessary to compress 


the air. In practice this means that the compression can 
be carried out if the efficiencies of turbine and compres- 
sor do not drop much below 60 per cent. Such an ef- 
ficiency can be obtained. The weight of the outfit has, 
however, so far made its usefulness questionable. 


PRESSURE PropucTION BY BoILING 


De Laval has experimentally run a boiler at a pressure 
of 2000 lb. per sq. in. The temperature of saturation at 
this pressure is 640 deg. fahr. Cold rolled steel has, 
however, at 1000 deg. fahr. still an elastic limit of 30,000 
lb., and Monel metal, rolled or cast, an elastic limit well 
over 20,000 lb. per sq. in. There would, therefore, be no 
difficulty in running a boiler with small tubes at 2000- 
lb. pressure and 1000-deg. temperature. Our data re- 
garding the behavior of water and steam at these high 
pressures and temperatures in the neighborhood of the so- 
called critical conditions where liquid and vapor melt 
into one are incomplete and an investigation would be of 
interest. Practically it would in any case hardly pay 
to run pressures up to 2000 lb. We ought, however, to 
carry our temperatures to the highest possible limit to 
utilize fully the molecular velocities in our combustion 
gases. At all attainable steam temperatures the main 
part of the velocity energy in the gases is simply ab- 
sorbed in “knocking” the water molecules out of the 
liquid, a far smaller part goes to accelerate them. This 
latter part is the only one we utilize in our engines. 

The higher the steam temperature, the greater is this 
part, the better the energy utilization. Ferranti in Eng- 
land has run a high superheat condensing steam turbine 
which gave an energy utilization of 24 per cent, disre- 
garding boiler losses. We have boiler systems in which 
these losses amount to less than 10 per cent. This is 
the case with the surface combustion boiler of Professor 
3one, combined with an economizer. By careful appli- 
cation of the counterflow principle so as to absorb all 
possible fuel heat in feed water heating, the heat losses 
in any boiler can be reduced below 20 per cent. All told, 
there should be little difficulty in developing a steam 
plant for automotive uses which would give as good an 
energy utilization as the ordinary explosion engine, but 
do it on almost any kind of fuel. 

This, in my opinion, is the most immediate duty es- 
pecially of the tractor and truck engineer. With half the 
energy spent on boilers that we have been spending on 
carbureters we should probably have had an excellent 
safe and reliable high-pressure, high-superheat boiler 
long ago. It is probably coming pretty soon now and we 
shall be all the better for it. The next problem will 
then be to adapt it to the cheapest kinds of fuel. A non- 
condensing automotive steam plant can never be made to 
secure the energy utilizations that we obtain now with 
our best airplane engines, still less the economies we hope 
to obtain with improved apparatus later on. On the 
other hand, we can never hope to inject solid or gritty 
fuel, hardly even very low-grade liquid fuels into our 
automotive internal-combustion engines. These fuels 
should be handed over to steam plants. 

Regarding the dependability, power and maneuvering 
facilities of the steam engine, nothing need be said. 

The fatal influence of compressor inefficiency on the 
prospects of the gas turbine has led many inventors to 
cast about wildly for a way to create a pressure difference 














July, 1919 





WORKING PROCESSES OF FUTURE INTERNAL-COMBUSTION ENGINES 11 


by condensation of the combustion gases. 
need be said about this just now. 


Nothing more 


Power BY ELectrriciry Direct rRoM COMBUSTION 


I shall deal here with possibilities of a character en- 
tirely .different from our present methods of power pro- 
duction, possibilities at present existing as scientific pos- 
sibilities only, yet perhaps no less definitely established 
and understood than the principles of wireless telegraphy 
were established 25 yr. ago. For let it be clearly under- 
stood that Marconi could not have achieved wireless 
telegraphy if the underlying physical phenomena had 
not been investigated and cleared up by scientific re- 
searches of the most abstruse character in the preceding 
30 or 40 yr. 

This is something that should be emphasized especially 
to an organization of American engineers. We are al- 
together too prone in this country to see all our salva- 
tion, all progress in “‘hard-headed” common sense, in 
business organization and hustling and bustling methods. 
We are apt to forget that the practical gas engine was de- 
veloped by a doctor of philosophy, that the steam turbine 
was also, that the Diesel engine was initiated by a doctor 
of philosophy, and lastly that the pioneers in flying in 
this country were first a doctor of philosophy and then a 
pair of men who according to general information were 
notorious dreamers and had the peculiar idea of learning 
to study German literature on the subject before they 
started out. 

You cannot initiate great new lines of progress simply 
by imbibing a lot of current practical information and 
then going out and hustling. You have to get down to 
fundamentals, to underlying principles, check up cur- 
rent practice against fundamentals, and if you find that 
current practice embodies underlying principles poorly, 
then have the courage to strike out on new paths and 
stick to these paths through thick and thin, with the 
assurance of having all the “hard-headed” business men 
and all the “common sense” crowd against you. All this 
invuives leisure and time for thought and study. If we 
as engineers are willing to give competent scientifically 
trained men the time and the means to conduct investi- 
gations into the outlying fields of science, entirely un- 
hampered and without any expectations of immediate 
returns, then we shall most assuredly in time see great 
things happen. If we are not willing to do that, we 
shall continue to see the far poorer countries of Europe, 
nations with certainly no more native intelligence than 
ours, continue to take the great steps in advance in many 
lines, leaving to us only the minor changes and prob- 
lems of mass production. 

Now then, simply as an illustration of one thing that 
might be accomplished if we give the means to the 
scientists, the production of electricity directly from 
combustion might be cited. 

It is well known that a substance subject to electrolysis 
transports through the solution and delivers at the elec- 
trodes a perfectly definite quantity of electricity per unit 
weight. To drive the substance through the solution a 
perfectly definite electric tension is necessary. The prod- 
uct of the tension and the electricity transported is the 
work done, the product of the tension and the electricity 
transported per second is the power consumed. So exact 
is the law of the electric transport that, as we all know, 
the most exact means for measuring a current is to weigh 
the amount of silver it deposits per unit time out of 
solution of a silver salt. 

Not only does this law hold for electrolysis, it holds 
just as well for primary batteries. If in such a battery, 
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say, zinc is dissolved in an acid, the zinc carries with it 
into the acid a certain well-defined amount per unit 
weight of positive electricity and an exactly equal amount 
of electricity will in the due course of transport be de- 
livered at the positive pole of the element. The force that 
causes this transport is the chemical forces between the 
atoms and the electrons which cause the metal to go into 
solution. 

In ordinary combustion the chemical force draws the 
atoms into collisions and our problem is to utilize for 
power purposes the velocities resulting from these col- 
lisions, an extremely indirect and unsatisfactory way of 
using the chemical force. 

In electrical batteries the chemical force is used di- 
rectly to drive electricity into a solution and from the 
solution out into a pole plate again. From this pole it 
may be carried into an external circuit and there be used 
for instance to drive a motor. The percentage of the 
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chemical force that is delivered to the motor is depend- 
ent only on the resistances to the electric transport in 
the battery and in the circuit. These resistances can 
be kept quite low. 

The question now arises: Would it be possible to use 
the combustion process with our ordinary fuels to de- 
liver electric current in a primary battery, and what 
would be the fuel utilization of such a battery? 


Answering this, we can only state here that as long 
ago as in 1910 and 1912 some German scientists, notably 
Baur, Taitelbaum and Ehrenberg, had succeeded in com- 
bining such fuel batteries using fuels ranging from 
hydrogen to sawdust. Electromotive forces close to the 
theoretically possible ones were obtained. Burning car- 
bon electrodes, Baur obtained considerable currents 
without reduction of electromotive force. 


ENGINEERING STANDARDS ASSOCIATION 


O continue the excellent standardization work begun dur- 
ing the war the various national engineering societies 
have joined with the Government departments interested to 
form the American Engineering Standards Association. 
The objects of the Association, as stated in its constitu- 
tion, are as follows: 


(1) To unify and simplify the methods of arriving at 
engineering standards, to secure cooperation be- 
tween various organizations and to prevent 
duplication of standardization work 

(2) To promulgate rules for the development and 
adoption of standards 

(3) To revise and pass upon recommendations for 
standards submitted, but not to initiate, define 
or develop the details of any particular stan- 
dard 

(4) To act as a means of intercommunication between 
organizations and individuals interested in the 
problems of standardization 

(5) To give an international status to approved 
American engineering standards 

(6) To cooperate with similar organizations in other 
countries and to promote international stan- 
dardization 


The routine work of the Association will be conducted by 
its secretary under the direction of a board of directors. This 
board will have power to deal with all of the affairs of the 
Association except the final approval of the standards sub- 
mitted to it. 

Any organizations may request the Association to approve 
standards which it has formulated, or to approve committees 
that it has appointed. Such a request is entirely at the option 
of the organization that has formulated or expects to formu- 
late the standard. It is anticipated that in nearly all cases 
the approval of standards by the Association will be re- 
quested. In case it is considered advisable, the Association 
is authorized to call a meeting of those who would be inter- 
ested in the formulation of a new standard or the revision 
of an old one. The Association thus acts only to bring to- 
gether those interested in a common object, and when they 


have completed their work will at their request certify that 
it has been done in such a manner as to justify its adoption. 
Nothing revolutionary is proposed, it is merely an extension 
of present practice. 

In addition the Association will act as a bureau of informa- 
tion regarding standardization. It will collect informa- 
tion concerning existing standards and as to the bodies that 
have formulated and adopted them. This will enable it to 
give necessary information promptly to those who desire to 
formulate a new standard or revise an old one. It will also 
enable it to furnish information regarding what has been or 
is being done on similar or related lines. It will establish 
relations with similar bodies in other countries and can do 
much to promote the acceptance of international standards. It 
is possible to secure international acceptance of American stan- 
dards more easily through such a body than in any other way. 

In the past there have been many occasions when two or 
more organizations have formulated standards for substan- 
tially the same thing. Often these differences have been 
very slight, but neither has been quite acceptable to the other 
party. In the majority of such cases if these organizations 
had been brought together at the start they could have agreed 
on a standard that would have been satisfactory to both. 
The American Engineering Standards Association will fur- 
nish a means by which any organization intending to define 
a standard can readily ascertain what other bodies are inter- 
ested and should be consulted in regard to it. At present 
there is no such means. There is nowhere anything approach- 
ing a complete list of the organizations doing standardization 
work, much less any list of the standards proposed or in 
preparation. The advantage of having any standard gener- 
ally accepted and the much greater probability of accomplish- 
ing this if it is prepared under definite conditions that have 
proved effective in the past will, it is believed, cause most of 
the organizations engaged in such work to ask and receive 
the assistance of the American Engineering Standards As- 
sociation. It provides definite machinery for securing co- 
operation and preventing duplication of work. It establishes 
definite rules securing the absolute autonomy of any group 
engaged in the development of standards and insures that 
this group shall receive full credit for its work. 
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BENZOL AS AN ENGINE FUEL 


HERE are several advantages to be gained from the 
use of benzol, either by itself or mixed with gasoline. 
These are: 
(1) It is a home-produced fuel 
(2) It gives slightly more power than gasoline 
(3) It gives slightly better mileage per gallon 
(4) The running of the car using it is sweeter 
(5) The compression can be raised and the power 
thereby further increased 
(6) There is no “pinking” 
(7) It is cheaper than gasoline 
The opinions of users of this fuel are, however, vari- 
ous, and they even run to opposite extremes. There are many 
motorists who say that they would never use gasoline again 
if benzol were obtainable, and others who will not allow the 
latter to be used in their cars. 


SoME PECULIARITIES OF BENZOL 


One motorist will say that his carbureter requires no 
alteration to enable benzol to be used, while another in- 
sists on the fact that the carbureter adjustment must be 
altered. Advice on most points connected with carburetion 
should not be applied broadly to all cases, and it is quite 
possible for ene man to get more power and better consump- 
tion by using benzol without any alteration to the carbureter, 
while another may have to effect a considerable amount of 
adjustment to obtain any improvement. 

I have used benzol more or less consistently for 6 yr. on 
two cars and on a motorcycle and, intermittently, on a sta- 
tionary engine, and I also used a quantity some 12 yr. ago 
when it was but little known and difficult to obtain. The late 
Professor Watson’s instructive paper some 4 yr. ago ex- 
plained certain peculiarities of this fuel, and, if these were 
better understood and allowed for, there would be little pre- 
judice against it. 

Probably the most important fact from the user’s point 
of view, brought out in Professor Watson’s paper, is that 
benzol differs from gasoline in that it contains no constitu- 
ent which is volatile at low temperatures. Every user of ben- 
zol probably knows that his carbureter requires heating to a 
greater extent than when the better and lighter quality of 
gasoline is employed, but I doubt if many know that the heat 
addition must be very appreciable for the first few miles of 
running, particularly in winter, as at first the temperature of 
the carbureter and inlet pipe falls considerably owing to the 
evaporation that takes place within it. 


Tue Heat ror VAPORIZATION 


If the carbureter is bolted directly on the cylinder casting, 
the heat necessary to promote evaporation is provided auto- 
matically when the engine has warmed up. On the other 
hand, if the carbureter is connected by a long inlet pipe, with 
correspondingly inadequate heating, it is highly probable 
that the results obtained will be extremely poor, except on 
a long run. 

In the case of gasoline there is a certain content which re- 
quires little or no heat above that of the atmosphere at 
normal temperature, but, even so, with the air at 60 deg. 
fahr., an average spring temperature, there is not enough 
heat to evaporate all the gasoline. The gasification is there- 
fore completed in the cylinder, probably during the compres- 
sion stroke. 

As most carbureters are said to provide a correct mixture 
when the whole of the gasoline is converted into gas, the 
mixture must be rich when the engine is started on a cold day, 
as only the most volatile part is being utilized. By flooding 
the carbureter there is more gasoline available and more of 
this volatile constituent, so that an approximately correct 
mixture is supplied to the cylinders. That part of the gaso- 
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line which is not burnt is discharged through the exhaust, 
and on a cold day one can actually see it in a condensed form. 
As benzol has no very volatile content, flooding of the car- 
bureter does not help starting from cold, and the only way 
to get a start on a cold winter day, if heat is not added, 
is to spin the engine as fast as possible so that the heat of 
compression vaporizes the benzol. 

If a mixture of gasoline and benzol is used, there is, of 
course, a small quantity of the volatile constituent of gasoline 
which may, in some cases, be sufficient to give the first few 
explosions. By flooding the carbureter, the quantity of this 
volatile portion is increased, so that, if a mixture of gasoline 
and benzol be used, flooding is beneficial. Consequently, in 
cold weather it is better to use a mixture and to apply heat. 

If one uses too rich a benzol mixture, a carbon deposit is, 
according to Professor Watson, very freely produced. One 
cannot well prevent the mixture from becoming too rich in 
cold weather owing to the condensation in the inlet pipe at 
the very commencement. I have certainly found that carbon 


deposit is more rapidly formed when using benzol, and this 
is probably the explanation. 


Tue ADAPTATION OF THE CARBURETER 


As to alterations in the adjustment of the carbureter, in 
some cases these are essential, but no hard and fast rule can 
be laid down. The use of benzol makes the float stand higher 
and the fuel level in the float-chamber lower, which to a small 
extent compensates for the tendency toward over-richness 
when the engine is hot. If any alteration is made it should 
usually be toward weakening the mixture, but there are so 
many different types of carbureter in use that it is impossible 
to specify what is the best alteration in all cases. Many 
people say that the float should be weighted, but in my ex- 
perience with four different carbureters this has not been 
necessary. 

A very necessary warning must be given in regard to this 
fuel, and that is in connection with its high freezing point. 
While gasoline may be considered never to freeze, benzol 
does so at a temperature above that of ice, 43 deg. fahr., and 
the temperature has to be raised very considerably to thaw 
it again. 

This is a further argument against using benzol alone in 
winter, as it may freeze in the pipes or tanks. True, with 
benzol intended for use as an engine fuel, toluol and other 
ingredients are supposed to be added by the producers to 
lower its freezing point, but my experience shows that one 
cannot be sure these additions have been made. Thus far 
I have never found benzol frozen solid, but I have often found 
tins, stored in the open, to contain a little liquid and a lot of 


“snow.” The addition of a small quantity of gasoline pre- 
vents freezing. 


GASOLINE-BENZOL MIxTURES 


Recent tests on aeronautic engines have shown that a mix- 
ture of 20 per cent benzol and 80 per cent gasoline is about 
the best, and is almost as good as straight benzol from the 
point of view of elimination of pinking. An increase in 
the amount of benzol beyond this gives inferior results until 
straight benzol is used. Considering the drawbacks of 
straight benzol, one comes to the conclusion that a mixture 
of about the above proportions has no disadvantages if suffi- 
cient heat to ensure vaporization can be provided. 

Where the carbureter is bolted to the engine and is well 
heated, good results will be obtained if one bears in mind the 
reason for the difficulty of starting in cold weather and takes 
steps accordingly. If, on the other hand, the carbureter is 
on the opposite side of the engine from the valves, necessitat- 
ing a long inlet pipe, poor results must be expected in winter 
on short runs.—Eric W. Walford in The Autocar. 
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The Engine-Fuel Problem 


By Joseru E. Pogue! (Non-Member) 


HE automotive industry faces the question: what 

steps, if any, can be taken to insure an ample sup- 

ply of engine fuel at a price favorable to the con- 
tinued growth of automotive transportation? As a prac- 
tical issue this question has not arisen in the past, be- 
cause heretofore the oil industry, which produces this 
fuel, has been expanding more rapidly than the automo- 
tive industry, which consumes it. Owing to the rapid ex- 
ploitation of the oil fields of the United States, petroleum 
products, especially gasoline, have been rendered avail- 
able in such excess of the demand that, until recently, an 
ample supply has been ready to sustain an unbroken 
advance in consumption. Stimulated by the bountiful- 
ness of supply, however, oil-consuming activities have 
lately taken on an accelerated expansion and the situa- 
tion is shifting from a position where oversupply is 
seeking an outlet to one where demand is assuming the 
lead and is seeking a supply. 


Wuy THE PROBLEM ARISES Now 


The engine-fuel situation, therefore, has changed al- 
most overnight, and the demand for gasoline is increas- 
ing more rapidly than resources and means are being 
developed to provide this product. Accordingly, a gaso- 
line stringency, accompanied presumably by a marked 
rise in price, is a prospect to be anticipated. Confirma- 
tion of this deduction is open to any observer. For 
example the production of gasoline is increasing more 
rapidly than the production of its raw material, crude 
petroleum.’ Since the output of gasoline is in direct pro- 
portion to the number of gasoline engines in use, it fol- 
lows that the production of engines is exceeding the out- 
put of petroleum, thus making for fuel stress. 

The recent growth of means for increasing the gaso- 
line obtained from a given quantity of crude petroleum, 
such as blending high-volatile gasoline from natural gas 
with distillates too heavy to rank alone as gasoline, 
cracking fuel oil into gasoline and lowering the volatility 
of commercial gasoline so as to enlarge the gasoline cut, 
indicates a tightening-up stage in the production of gaso- 
line as the output of crude petroleum falls behind the 
demand for engine fuel. 

The fact that gasoline, on the average, is changing in 
character and becoming progressively less volatile is 
well known and, unless attributable to collusion on the 
part of oil refiners, which seems unwarranted, is specific 
proof that tension between supply and demand is already 
being felt. As a matter of fact, the cause of this change 
is beside the point; the actual condition is the practical 
issue. The decreasing volatility of gasoline is a fact that 
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*See Fig. 1 of a paper entitled “An Interpretation of the Engine- 
Fuel Situation,” presented by Joseph E. Pogue at the 1919 Annual 
Meeting of the Society and printed in THE JOURNAL OF THE SOCIETY 
OF AUTOMOTIVE ENGINEERS, April, 1919, page 247. 
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*Statistical proof of this statement, together with a discussion 
and explanation, may be found in a bulletin entitled “Prices of 
Petroleum and Its Products during the War,” by J. E. Pogue and 


Isador Lubin, issued by the Fuel Administration and the War 
Industries Board. See especially Chart 22 for a graphical presenta- 
tion of the situation. 
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must be faced irrespective of all other considerations. 

The prices of petroleum products, particularly gaso- 
line, have not recently advanced as rapidly as the prices 
of other commodities, with the result that engine fuel 
is now relatively cheaper than it was before the war in 
1913." This means that an accentuated price response to 
any shortage that may develop is to be anticipated. 

The available supply of crude petroleum is very limited, 
in view of the size of the demand. With an annual con- 
sumption of approximately 333,333,333 bbl. this country 
has reserves estimated by the United States Geological 
Survey scarcely to exceed 7,000,000,000 bbl.; while the 
deposits of Mexico, Central America, and South America, 
which are already being called upon to supplement our 
domestic production, are under hasty exploitation as 
sources primarily of fuel oil. The limitation in ultimate 
supply and the increasing production costs under ad- 
vancing depletion are features already appreciably af- 
fecting the situation. 

The foregoing considerations together are thought to 
constitute irrefutable evidence that the engine-fuel situ- 
ation is in course of change, with prospects of rapid 
alteration, and therefore presents a problem that merits 
the closest attention on the part of the automotive in- 
dustry. 

THE NATURE OF THE PROBLEM 

The automotive industry has an unescapable concern 
in the problem because the highly specialized fuel re- 
quirements of the prevailing type of automotive appar- 
atus limits the quantity of engine fuel that may be com- 
mercially produced from the output of crude petroleum. 
The automotive industry, therefore, imposes a restriction 
upon the oil refiner, which causes him to sell potential 
engine fuel as fuel and illuminating oils. The mainte 
nance of this dam to a channel of expansion in engine- 
fuel production means a more costly and less bountiful 
supply of “gasoline” than would otherwise be the case. 

The low thermal efficiency or high fuel consumption of 
the prevailing type of automotive apparatus contributes 
strongly to the demand for engine fuel, requiring gaso- 
line to be produced in far greater quantities than would 
be necessary if the fuel were more efficiently utilized. 
Every gain in thermal efficiency, therefore, means a cor- 
responding increment to the fuel supply. Increased ther- 
mal efficiency may also be made to compensate the con- 
sumer for such advances in fuel prices as may develop. 
Thermal efficiency, therefore, has a pivotal bearing upon 
the quantity and price of engine fuel and though now 
tending to work to the disadvantage of the automotive 
industry may be turned to its advantage. 

As the engine-fuel situation now stands, the most ef- 
fective means for expanding the supply of gasoline is 
through rapid development of “cracking” methods of re- 
fining whereby gasoline is made from fuel oil and kero- 
sene. But it does not necessarily follow that a continu- 
ation of the present degree of dependence upon “crack- 
ing” constitutes the most effective means for insuring 
an ample supply of engine fuel at a price most favorable 
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to continued automotive development. “Cracking” is en- 
meshed with the counter expedients of adapting the 
present type of light engine to burn an increasingly 
heavy fuel and developing heavy-oil engines to handle 
the heavy, slow-traction portion of automotive transpor- 
tation. To neglect these complementary developments, 
leaving “cracking’’ to undergo alone an intensive de- 
velopment, would involve a one-sided policy to the neg- 
lect of important avenues of advance. The issue is 
“cracking” or chemical change in fuel vs. engine change 
or through mechanical change or diverging standards 
into two or more engine types, and for the most favorable 
result every possibility must be pressed with vigor. If a 
passive attitude toward “cracking” on the part of the 
automotive industry is wise, it is so only by virtue of 
good fortune, and the issue is too vital to be left to 
chance. 

The matter of supporting resources—benzol, alcohol, 
shale-oil distillate, mixed fuels—which, in part at least, 
will soon be needed to supplement the supply of fuel of 
petroleum origin, is likewise not a thing apart from 
automotive developments. The production of these pro- 
ducts may be counted upon as need arises for them, but 
if the engine does not evolve in a diréction fitting the new 
fuels, a retardation will thereby be given new sources of 
fuel supply, inimical to the interests of the automotive 
industry. The automotive industry should follow a policy 
designed to keep the field as open as possible to all 
comers in the form of fuel. Mechanical standardization, 
if made irrespective of economic considerations on the 
side of fuel, may easily retard the upgrowth of an ideal 
fuel for a considerable period of time. 

On four major counts, then, the automotive industry 
finds itself responsible in respect to fuel where it had 
no concern in the past. If the conclusion is correct that 
fuel is now to dictate to the engine, the engine should 
listen well to all that fuel has to say. 


RECOGNITION OF RESPONSIBILITY 


If an engine-fuel problem is arising and stands in need 
of attention, the first stage in its solution involves a 
recognition of responsibility on the part of the automo- 
tive industry. The issue may be said to be now passing 
through this stage. In the past few years there has been 
a growing recognition that the rapid advance in auto- 
tive construction was creating a fuel problem which the 
automotive interests themselves would have to share in 
solving. This feeling, however, was scattered and ill- 
defined and did not find official recognition until the 
1919 Annual Meeting of the Society of Automotive Engi- 
neers, when a session was devoted to a consideration and 
discussion of the engine-fuel situation. The ideas 
brought forth and points of view developed at that time 
aroused considerable interest in the matter, not only 
within the automotive industry, but among the oil in- 
dustry and general public as well. Since then the issue 
has been a live one and the time now seems ripe for 
effective action. 

In the spring of 1919 the second stage in the solution 
of the problem was entered upon with the establishment 





‘The first meeting of the S. A. E. Research Committee was held in 
Washington on April 11 and an entire day was devoted to a discus- 
sion of the fuel situation and means for bettering it. At a second 
meeting of the Committee, held in New York on April 24, it was 
moved that a committee to be known as the Automotive Fuel Com- 
mittee, “composed of representatives of the Government, the Society 
of Automotive Engineers, the National Automobile Chamber of 
Commerce, the Motor & Accessory Manufacturers Association and 
other organizations interested in the problems involved, be formed 
to consider the fuel situation and promote research intended to aid 
in the problem of insuring an ample supply of engine fuel and the 
development of ways and means for its economical use in internal- 
combustion engines, with authority to confer and cooperate with 
accredited representatives of the petroleum industry to these ends.”’ 
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of a committee of the Society-of Automotive Engineers 
charged with considering ways and means for active 
work on the fuel problem. A fuel research organization 
was projected by this committee and the organization, 
scope and program of the new agency are now (June) 
under formulation.‘ At the same time the newly formed 
American Petroleum Institute, representative of the oil 
industry, has under advisement the establishment of an 
agency of contact and cooperation with the automotive 
activity. Thus the initial machinery has been estab- 
lished for dealing concretely with the issue, and it now 
remains to perfect this machinery into an organization 
competent to handle a problem of such prime importance, 
which will win the active and united support of the entire 
automotive industry. This is a critical matter. Upon 
the adequacy of the program shortly to be adopted much 
depends, for a few false starts or an ill-advised form of 
attack will delay results beyond a point of usefulness. 
The work to be done should be regarded as an emergency 
measure designed to bring scientific knowledge and 
methods to the aid of a situation; and if measures are 
to prove effective, no time is to be lost. 


Tue Funcrions or A RESEARCH ORGANIZATION 


While the specific activities of an engine-fuel research 
organization are under discussion and the whole matter 
is still in state of flux, it is felt that discussions of the 
matter and presentations of new points of view are es- 
pecially desirable. Only through the freest possible in- 
terplay of ideas and the broadest possible conception of 
the issue can a favorable outcome from a situation so 
intricate be expected. In this light, the present sugges- 
tions are offered primarily for the stimulation of counter 
ideas with the view of clarifying a situation which still 
seems to be, in large part, obscurely apprehended. The 
problem, as I see it, is not a concrete matter which can 
be handled in the usual specific manner, but presents 
features of an entirely new order which will require 
unusual originality, study and vision to meet. It is 
thought that no type of organization already in existence 
elsewhere will serve as a pattern of what is needed here. 

The problem, as it presents itself to me, involves three 
distinctive, though related, stages of activity which must 
be cared for before a solution can be forthcoming. 
These stages are first, economic analysis to determine 
what is needed to be done; second, material research to 
build up new technology in strategic positions, and third, 
coordination between the industrial activities concerned 
to facilitate the adoption of the new technology and to 
remove cross-purpose developments. It cannot be em- 
phasized too strongly that the problem is not one that 
will yield to dissociated research alone. The activity 
connoted by the term “research” has unfortunately taken 
on a very narrow meaning in the popular mind, at the 
same time that it has assumed a sort of magic quality 
as being a panacea if only applied intensively enough. 
The gravest danger at the present stage in the develop- 
ment of a fuel research organization is that it will be 
projected along conventional lines too narrow to admit 
the full range of technique—analysis, material research, 
coordination—essential to adequate progress. It would 
not be too much to say that an organization which neg- 
lects any one of the three components of the issue is 
foredoomed to practical failure. This does not intend 
to say that conventional laboratory research alone is 
not profitable and eminently desirable; such work is well 
worth while, but no optimistic assumptions on that score 
should be allowed to obscure the conclusion that the prob- 
lem stands in need of something more than laboratories 


















































































engaged merely in chemieal, physical, and mechanical re- 
search. 

In fine, the problem is to catch the natural trend 
of things so as to shape all developments in the direc- 
tion of progress; to cultivate intensively those pivotal 
points in fuel and engine where needed advances are 
not now coming into sight with sufficient celerity; and to 
bring a discordant set of competing individual poli- 
cies into harmony with the demands of the situation. 
The methods and technique of science, heretofore con- 
fined largely to material research, may be brought to bear 
upon all three parts of the problem. To do less is to 
ignore the capacity of modern knowledge; science can 
offer no solution if its scope is restricted at the outset 
to a field which does not embrace the full problem to 
be solved. 


Tue R6LE or Economic ANALYSIS 


The part that economic analysis should play in con- 
nection with material research has not been absolutely 
ignored in the past, but it has not been accorded its due 
rank as a matter open to rigorous scientific cultivation. 
This field is usually left to the judgment, intuition or 
general vision of directing officials, and hence scientific 
research all too often rests upen unscientific planning. 
As a matter of fact, economic analysis, if properly done, 
is itself scientific research of a highly technical order 
and should proceed hand in hand with material research. 


As an example of what is meant by economic analysis, 
there may be cited an article by me entitled “An Inter- 
pretation of the Engine-Fuel Situation”, published in 
the April number of THE JOURNAL OF THE SOCIETY OF 
AUTOMOTIVE ENGINEERS. In this paper an attempt was 
made to explore the economic significance of the re- 
sources and technology involved in the engine-fuel situa- 
tion and to draw conclusions as to what is needed to 
facilitate progress. This analysis of the situation, while 
leading to conclusions believed to be sound, is but the 
merest preliminary to what should be done in much 
greater detail and on the basis of a much wider range 
of data than was available in the initial investigation. 
I believe that a new application of science is developing, 
although not yet cultivated extensively, which may be 
termed economic technology or techno-economics, bridg- 
ing the area between the field of technology proper and 
the field of human endeavor in which technology finds 
application. The cultivation of this area will yield new 
information and new methods, just as, for example, in 
the field of pure science, the development of physical 
chemistry. opened up a large territory not previously 
traversed by either chemistry or physics alone. The 
new information and methods resulting in this way will 
constitute new contributions to knowledge, become the 
basis of interpretations of industrial needs and in con- 
sequence a guide to research, serve as means for fur- 
thering and facilitating the spread of modern technology 
in industrial operations and lead to a consistent policy 
around which industrial developments can be harmonized 
and coordinated. 

It should be clearly appreciated that the factors in the 
engine-fuel situation are in course of constant change, 
and no program of work can be effective which is not 
based upon careful, scientific evaluation of these vari- 
ables. The problem, being composed of variables, then, 
is distinctly not a static matter; and accordingly it can- 
not be treated as if it were a fixed specific issue. A 
prime duty of economic analysis is to catch the drift of 
affairs so that the investigational work will not settle 
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upon areas already deserted by the live issue in its for- 
ward course. 

More specifically still, it is conceived to be the function 
of economic analysis to study and interpret the various 
engine fuels, such as gasoline, kerosene, fuel oil, benzol, 
alcohol, shale-oil distillate, etc., in respect to resources, 
production, trend of prices, economic status, interrela- 
tionships, technical development and so on. At the same 
time, in the light of their bearing upon fuel, the various 
automotive developments should be appraised, in respect 
to output, efficiency, trend of changes, price relation- 
ships, etc. The gathering and assimilation of such 
basic data is the first step in laying out a scientific pro- 
gram of attack. Scouting and range-finding is an im- 
portant preliminary to action. It should not be assumed 
that economic work, because it deals with forces, ten- 
dencies, statistics and other intangibles and does not 
require the laboratory equipment essential to material 
research, is a matter to be dealt with incidentally. It 
should be emphasized that economic study, in the field 
of technology and in conjunction with material research, 
is a relatively new tool, and, not having been commonly 
used, its importance is very apt to be overlooked. 


Tue ROLE or RESEARCH 


Research is a tool for building up technology in any 
direction desired. To be effective, it should be applied 
to critical and pivotal points. Results are too laggard 
and costly, if research is not directed by economic need, 
although the term should be given a broad interpreta- 
tion in this respect. In the engine-fuel problem, time 
is lacking to indulge in any laissez-faire research at all. 

Following an adequate economic analysis of the whole 
situation, a program of specific research can be effec- 
tively laid out. This program, however, should be criti- 
cally examined and if necessary revised from time to 
time, in accordance with the new findings of economic 
analysis as it is currently applied to the changing factors 
in the situation. In this way, research will not only be 
scientifically started on the right track, but will be kept 
there. 

Enough is already known of the economics of the 
engine-fuel situation to feel that among the matters 
calling most insistently for research are carburetion to 
permit the use of difficultly vaporizable fuels and combus- 
tion to increase thermal efficiency. These two funda- 
mental lines of development may be elaborated in great 
detail as the matter unfolds. The potentia‘ities under 
these headings, however, are perhaps already sufficiently 
well known. In terms of engine fuel, the first will con- 
tribute to the absolute supply by bringing into play 
grades and kinds of fuel not now available, and the 
second will contribute to the relative supply by increas- 
ing the service obtained from the fuels used. 

To secure proper research attention to these and re- 
lated matters will require the coordination of the many 
individual research activities—industrial, governmental, 
and university laboratories, ete.—which now have facili- 
ties for conducting research; and a central laboratory 
to devote adequate attention to the more basic and elabo- 
rate lines of work not adequately being handled by the 
individual agencies. Not only are the existing agencies 
of research available for more effective results, if 
brought to focus upon a consistent program in respect 
to certain advances needed for the common good; but 
the possibilities of fundamental researches are very 
significant and open to ready development, if only ade- 
quate financial backing can be secured. The individual 
and collective researches in prospect are complemen- 
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tary and are together necessary for a rounded result. 

There is no need to elaborate further on the desirabil- 
ity of material research in a field so vast and complex as 
the one under consideration. The relatively meager 
amount of scientific knowledge that obtains on the chem- 
istry and physics of fuel combustion alone is sufficiently 
well known to argue in favor of an early attempt to 
bring light into a dark field. 


THe R6LE oF CooRDINATION 


A determination and sustained study of the economic 
status of the problem and a building up of technology 
in requisite directions through the agency of research 
will not prove competent alone to meet the issue; there 
must in addition be a bringing together, a coordination, 
of the various industrial activities concerned under a 
consistent and harmonious policy, which will insure an 
appropriate adoption of technologic advances and es- 
pecially smooth out such competitive cross-currents as 
may be blocking a favorable development of the matter. 
Such work, of course, will present a peculiarly intricate 
problem, but it is none the less important for that reason. 
The utmost in investigation and research will avail 
nothing, if the aggregate of policy is not brought under 
a measure of scientific control sufficient to insure a 
harmonious development in respect to fuel. In an in- 
dustry made up of competing units, and between indus- 
tries without financial affiliation, the requisite degree 
of cooperation can be attained only through an agency 
competent to present the advantages of technical co- 
ordination so clearly and tactfully as to win confidence 
and assent on the part of a majority of those concerned. 
The attainment of technical cooperation among competi- 
tive financial entities may seem an impossible ideal, es- 
pecially in view of the narrow legal pathway open to 
such advance. Yet that is exactly what must be done, 
not only in the field under consideration, but in manifold 
industrial directions as well, if the progress of indus- 
trialism is not to be seriously impeded. The day of 
competition with coordination of technology seems due 
to succeed the era of unrestricted competition, at least, 
if the world is to be fed, clothed, and equipped. 

The need for coordination may be illustrated and per- 
haps made clearer by a closer view of the industrial 
structure involved in the production and consumption of 
engine fuel. Since both fuels and engines are in course 
of change, though periodically standardized, it is obvious 
that a paramount problem is to insure, so far as pos- 
sible, a parallel and complementary development of the 
two. This attainment is dependent in large part upon 
the degree to which the mutality of interest as between 
the fuel-producing industries and the engine-building 
activities is recognized and turned to use as a mofive 
for coordination. Without coordination, both fuels and 
engines are constantly developing in loose directions, 
which, however sound individually, are to no purpose 
because not met by complementary developments. 

Then, within the automotive industry, between its 
several branches concerned with the production of pas- 
senger cars, trucks and tractors, there should be brought 
about a coordination of policy. If it should turn out, 
for example, that trucks and tractors adopt the heavy- 
oil engine as an outcome of experience, a remedial loss 
will have been sustained if this is allowed to come about 
by a process of trial and error. On the basic issue of 
fuel policy, competitive effort may advantageously give 
way to cooperation. In fact, it can scarcely be conceived 
how such matters can be settled without a greater de- 
gree of industrial cooperation than has yet come into 
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play. As an illustration, the fuel policy most advan- 
tageous for the tractor industry is contingent upon the 
fuel policy adopted by the truck industry and in turn 
is not unaffected by what is developing in respect to 
passenger cars. Without the closest understanding be- 
tween the three, the tractor policy would stand only the 
vaguest chance of being correct. Adjustments under the 
give and take of competition, of course, will come ulti- 
mately into play; but the point in question is the gain 
that will accrue by accelerating such adjustments by con- 
structive planning. 

Again, among the competing units of any given branch 
of the automotive industry—between the various light- 
engine building firms, for example—there is need for a 
unified engine development in respect to fuel economy, 
if the whole set is not to be embarrassed and handicapped 
by undue rises in fuel price. An interest in common, 
when fully apprehended, will prove a strong incentive 
toward concerted action. The evaluation of this com- 
munity interest and a proper presentation of it to the 
industry is thought to represent the means whereby the 
requisite degree of coordination may be secured. 


Tue Tyre oF ORGANIZATION NECESSARY 


If the foregoing analysis of the needs of the engine- 
fuel situation is correct, it follows that the type of or- 
ganization established should contain the means for con- 
ducting economic analysis, material research and work 
of coordination. Such a purpose calls for a research 
organization of broader scope than is usually understood 
by that term, an organization with a threefold function. 
For the function having to do with material research, 
an excellent pattern is offered by many private and gov- 
ernmental laboratories. The returns here may be ex- 
pected to be in proportion to the investment. For the 
functions of analysis and coordination, however, no 
ready-made examples may be found; the means for 
handling these functions will have to be built up for 
the first time. For the directing of these matters, in- 
tangibles as compared with the objective character of 
material research, the personnel becomes of prime im- 
portance. Without a point of view attuned to the new 
order of problems to be dealt with, no degree of energy 
or expenditure will produce adequate results. Upon the 
degree of perception in respect to the real nature of 
problem, then, the success of the entire enterprise would 
seem to depend. 

It is probable that many who have given attention 
already to the engine-fuel problem have felt disappointed 
that a more definite and specific program for attack has 
not been offered. It may seem that such suggestions as 
have been made to date, including those given in this 
paper, are too generalized or too academic to enlist the 
support of busy executives who want prompt and im- 
mediate settlement of the problems coming before them. 
If such is a general feeling, as is probably the case, it 
may be suggested that this feeling is but additional 
proof that the engine-fuel problem is an issue of an 
entirely new order. The present undeniable state of 
perplexity as to exactly what should be done is due to 
the fact that no one knows, nor can know, in advance 
exactly what should be done. I think that the practical 
step now is to establish an organization broad enough 
to attack the problem at all its vulnerable points. If 
this is done on a scale commensurate with the magni- 
tude of the issue and with a personnel equal to the re- 
sponsibility, the industry may feel assured that it has 
taken the only practical step toward bringing the full 
quota of modern scientific methods to bear on the matter. 
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The Relation of Motor Truck Ability 
to the Trend of Design 


By Lewis P. Kats’ (Member) 


SEMI-ANNUAL MEETING PAPER 


HE subject of motor car performance is one which 
| has received considerable attention from automo- 
tive engineers, and a number of papers have been 
read before this Society which have covered the subject 
in a most able and thorough manner. It is, therefore, 
not the purpose of this paper to discuss in an abstract 
manner the relative merits of various ways of express- 
ing and measuring car performance. It is intended, 
however, to treat the subject of ability from the stand- 
point of its relation to present trend of motor truck de- 
sign, attempting to set forth some of the fundamental 
considerations involved therein. 

All engineering calculations are based upon what may 
be termed “factors of experience.” For example, in cal- 
culating the section of a front-axle I-beam, a formula is 
used containing that stress which experience has shown 
to be safe for this particular duty. The purpose, then, 
ef an ability formula when applied to automotive vehi- 
cles, is to determine a “factor of experience” from which 
the proper engine size and gear ratios can be calculated. 





MEASUREMENT OF AUTOMOTIVE VEHICLE PERFORMANCE 


The performance of automotive vehicles is properly 
measured by their comparative ability to perform the 
function for which they are intended. It is logical then 
that passenger car performance be measured in terms 
of speed and acceleration. In the case of motor trucks, 
however, these are not the most important considerations, 
it being almost universal practice to limit the speed by 
a governor, which in itself minimizes the importance of 
acceleration. Furthermore, wind resistance is negligible 
at present day truck speeds, so that practically the only 
resistances to be overcome by a motor truck are road fric- 
tion and the force of gravity. The performance of motor 
trucks can therefore be measured simply by their ability 
to overcome these two forms of resistance. 

Now both road and grade resistance are in direct pro- 
portion to the weight carried and can be expressed in 
unit terms such as pounds per pound and pounds per ton 
of total load. 

If the tractive force which the driving wheels of a 
truck are capable of exerting be expressed in the same 
terms, it then becomes a simple matter to-compare the 
resistance to be overcome with the force available for do- 
ing it. This unit tractive force is therefore the best 
index of the ability of a motor truck. 

It might be well to call attention to the incorrectness 
of the idea held by some that a truck’s ability is affected 
by the location of the driving wheels and the distribu- 
tion of the load. The fact is that it makes no difference 
whether the drive be through the front, the rear, or all 
four wheels, or whether the load be carried on the truck 
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or on a trailer; the total resistance and consequently the 
force required to overcome it will be the same. There 
are in more or less general use a number of ability for- 
mulas of indisputable merit, and, in addition to these, 
many engineers have their own pet ways of expressing 
ability which best serve their own purposes. All of these 
formulas are based upon the same fundamentals and to 
consider the subject in an intelligent manner, let us get 
a correct understanding of these fundamentals by build- 
ing up from first principles. 


DEVELOPMENT OF AN ABILITY ForRMULA 


The maximum tractive force available at the tires of 
the driving wheels is expressed by the following formula: 
2GARE 
F = vas > , re 
D where 
F = Tractive force in lb. 

GA = Maximum brake torque of engine in in.-lb. 
k = Total reduction of ratio of engine to wheel speed 
E = Efficiency between engine and wheels 
D = Diameter of driving wheels in in. 





(1) 


Now the engine torque may be expressed in terms of 
piston displacement as follows: 
Pb V h 
> ———  Walere vA 
12.56 (2) 
GA = Engine torque in in.-lb. 
Pb = Brake mean effective pressure in lb. per sq. in. 
| Total piston displacement in cu. in. 


Substituting this value for GA in equation (1), we 


have the tractive force expresesd in terms of piston dis- 
placement. 


GA 


V R Pb E 
P= 628 D (3) 

The tractive force per unit of weight may be ex- 
pressed 

| T= = eae DW o 
W is the total weight of the vehicle, body and load. Now 
if W is expressed in tons, T will be the tractive force in 
pounds per ton, and if in pounds T will be expressed in 
pounds per pound. Both methods of expression have 
their advantages. Road resistance being commonly ex- 
pressed in pounds per ton, it is, of course, convenient to 
express ability in the same terms. However, as will be 
shown later, grade resistance is more conveniently ex- 
pressed in pounds per pound. It also seems that the 
formula should contain only one unit of weight. In my 
estimation, therefore, the best measure of truck ability 
is the tractive effort in pounds per pound. 

All of the factors involved in equation (4) can be 
readily determined with ine exception of mean effective 
pressure and efficiency. Both of these quantities are 
rather indeterminate. Not only do different designs of 
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truck vary considerably in respect to these features, but 
even trucks of the same make and type are quite likely to 
show an appreciable difference. 

Pb being the index of engine output per unit of piston 
displacement, is, of course, affected\by all the factors by 
which engine output is controlled, such as carbureter set- 
ting, ignition and valve timing, condition of valves, pis- 
tons, etc. Efficiency is also affected by many factors, 
such as design of transmission and axle, type of drive, 
effectiveness of lubrication, etc. 

When possible it is, of course, desirable to use values 
determined by actual tests made on the truck under con- 
sideration. This generally involves much time and effort, 
which makes this information rather difficult to obtain. 
To make this formula general in its application and easy 
to apply, we will assume certain values of Pb and E 
which approximate as closely as possible the average 
values for various designs of engine and types of drive. 
A good average value for Pb is 85 lb. per sq. in. A num- 
ber of truck engines develop more than this on the block, 
some giving as high as 93 lb. per sq. in. However, 
very few engines give this later output on the road, and 
the lower figure approximates very closely what can be 
expected from most truck engines in service. 

It has been quite common to assume FE to be 85 per cent 
on direct drive and 70 per cent in gear. Recent tests 
show that a more correct assumption would be 90 per cent 
on direct drive, and 85 per cent in gear. Substituting 
these values in equation (4) we have 


_ 12.15 VR. di dri “ 

=—p WD irect drive (5) 
11S VV R. 

= pw gear. (6) 


To distinguish 7 from other factors for expressing 
ability, I shall hereafter refer to it as the “ability 
coefficient.” 

The hill-climbing ability of a truck may be expressed 
in terms of ability and road resistance by the following 
formula: 


72—T a —Rwwhere (7) 
VT"—R'+1-—TR 


G — Per cent grade truck can just climb with road re- 
sistance R 

T = Ability coefficient in lb. per lb. 

R = Road resistance in lb. per lb. 








For the average values of T and R, the quantity in the 
parenthesis is so close to unity that for all practical pur- 
poses, the formula can be expressed 


G=T—R (8) 


In other words, the grade that a truck will climb is equal 
to the net drawbar pull expressed in pounds per pound. 
Let us compare equations (4), (5), and (6) with some 
of the other ability formulas now in use. H. K. Thomas’s 
ability formula is expressed as follows: 
3000 @ sur 
| ay 
C. T. Myers’s vehicle coefficient is expressed 
Sndsr 
DW 
while the formula suggested by Mr. Roebuck is 
_ 14550 @ snr 
= DW 
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The similarity of all these formulas is apparent. Each 
one involves piston displacement per unit of weight 
moved a unit distance and differs only in the constants 
and assumed values for engine output and efficiency. 
The vehicle coefficient of Mr. Myers and the ability 
coefficient expressed in equations (4), (5) and (6) 
possess the advantage that they represent a concrete 
quantity and can be used to determine drawbar pull and 
hill-climbing ability. If it were desired to make the ex- 
pression for ability an abstract quantity which could be 
used for comparative purposes only, the formula 
VR 
DW 
would answer all requirements. This formula involves 
only known variables and is reduced to the simplest 
terms. 
As stated previously, any expression of ability involves 
piston displacement per unit of weight moved a unit of 


distance. A rearrangement of equation (4) will illus- 
trate this point. 


| 


PlhE. VR 
f=—3 eee 
and the second factor equals cubic inches of piston dis- 
placement per pound moved 1 in. Motor truck fuel con- 
sumption is generally expressed in pints per ton-mile. On 
account of the varying throttle openings, it cannot be said 
that fuel consumption will vary directly as the piston 
displacement; nevertheless, other things being equal, the 
greater the piston displacement, the greater the amount 
of fuel drawn into the engine during a given number of 
revolutions, and consequently, the greater the ability, the 
greater will be the fuel consumption per ton-mile. There- 
fore the penalty that must be paid for ability is reduced 
fuel economy. 

If road and grade resistance were constant it would 
be quite a simple matter to design for an ability just 
sufficient to overcome this resistance and we would thus 
have a maximum economy at all times. However, hills do 
exist and road resistance varies widely. In some locali- 
ties the grades never exceed 6 per cent, while in others 
they run as high as 30 per cent. Road resistance varies 
from 0.0075 lb. per lb. for good asphalt, to 0.1800 lb. per 
lb. for a sand road, loose sand and plowed ground going 
even higher than this. In some classes of service a truck 
is very likely to encounter the entire range of road and 
grade resistance within a very short space of time. 


Hicu-Gear ABILITY 


To determine in advance just what the ability of a 
truck should be would appear a rather difficult task. In 
general, it can be said that high-gear ability should be 
sufficient to overcome average road resistance with a 
sufficient surplus to climb the grades that are encoun- 
tered with such frequency that gear shifting would be 
objectionable. The low-gear ability should be sufficient 
to overcome practically the worst conditions of grade and 
road. A study of the abilities of existing trucks shows 
that practice varies widely upon this point. In the 
smaller sizes, ranging from 1000 to 2000 lb. capacity, 
there seems to be a tendency toward passenger car 
ability. This seems quite logical, for most of these 
trucks run on pneumatic tires and at speeds which call 
for that ability necessary for acceleration and overcom- 
ing wind resistance. Some of the most successful ve- 
hicles in this class have a high-gear ability coefficient of 
from 0.085 to 0.090. It might be noted that this ‘s 
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greater than foreign practice for passenger cars, but 
somewhat lower than American passenger car practice, 
which varies from 0.085 to 0.105. 

In the larger sizes of truck, that is, from 14% to 6 
tons capacity, operating at moderate speeds and on solid 
tires, abilities vary from about 0.06 to 0.08 lb. per lb. A 
good average of present successful practice would be 
around 0.0675 to 0.074. 

In determining the proper ability coefficient to use in 
new designs, it would be unwise to follow present prac- 
tice blindly. In fact, it is my opinion that the proper 
high-gear ability for a truck is much lower than the 
average figure given above. There are a number of 
causes which tend to make the average engineer lean 
toward excessive ability. The fact that it is so difficult 
to determine just what proper ability is, leads the en- 
gineer toward unnecessarily high ability just for the 
sake of being on the safe side. Until recently, the great 
majority of trucks on the market had three-speed trans- 
missions with rather limited low-gear reductions. Un- 
doubtedly excessive high-gear abilities were necessary in 
many cases to have anything like adequate ability on low 
gear. Furthermore, the great majority of truck buyers 
judge a truck merely by its power, forgetting entirely the 
effect that excessive ability has upon economy. 

Engineers must, of course, design what the public 
wants or thinks it wants. An effort should be made, 
however, to educate users on this point and bring them 
to understand that high ability costs money. Some con- 
sistent propaganda along this line would undoubtedly 
cause truck users to modify their demands appreciably. 

The roads in this country are being consistently im- 
proved and do not require the abilities that were needed 
5 yr. ago. Of course, the use of trucks in country dis- 
tricts is increasing, but it is hardly right to penalize the 
great majority of trucks which are operated on improved 
roads for the sake of the few that operate in rural dis- 
tricts over unimproved roads. 

The fuel problem is one which is becoming more seri- 
ous daily, and the constantly increasing number of trucks 
in service is certainly not tending to alleviate the situa- 
tion. If this growth is to continue unhampered, some- 
thing must be done both to improve truck economy as 
well as to enable trucks to operate upon the poorer 
grades of fuel which are now available. I know of no 
better way for accomplishing these two objects than a 
reduction of high-gear abilities. Not only will fuel con- 
sumption be lessened by reducing the piston displace- 
ment per ton-mile, but by reducing the power factor of 
the engine it will be possible to operate satisfactorily 
on much heavier fuels. The truth of this statement is 
shown by the fact that marine engines, whose power fac- 
ors are much lower than those of passenger cars or 
trucks, operate satisfactorily on kerosene. This has 
never been successfully done with either trucks or pas- 
senger cars. 


Tue IpeaL Desicn or Truck 


The ideal design of a truck is one which combines 
maximum economy with adequate ability. Now, since 
trucks operate at least 90 per cent of the time on high 
gear, the interests of economy will be served if we keep 
high-gear ability down to the minimum. In my opinion, 
the ability coefficient in high gear should be about 0.063 
to 0.066 Ib. per ton. As stated previously, the low-gear 
ability of a truck should be sufficient to overcome the 
worst conditions of road and grade. This is a require- 
ment which it is impossible to fulfill entirely. The best 


that can be done is to utilize all of the ability that the ad- 
hesion of the driving tires will permit. This can be done 
by making the low-gear ratio sufficient to almost slip the 
wheels under full engine torque. 

The coefficient of adhesion of solid tires to dry mac- 
adam is about 0.60, while on a sand or mud road if 
would not exceed 0.45. It is on the latter type that the 
greatest ability is required. Therefore, if the tractive 
force be made about 45 per cent of the load on the rear 
wheel, we will have the maximum ability that the trac- 
tion of the driving tires will permit. 

The proportion of total weight on the rear tires is 
about 77 per cent. The low-gear ability coefficient 
should therefore be 


T L=0.770 X 0.450 = 0.346 lb. per lb. 
The low-gear ratio of .the transmission should then be 
0.346 X 0.900 
— 0.063 > 





Tr = 5.8 to i 


0.850 
Such a low-gear reduction as this would, of course, re- 
quire a four-speed transmission. About the maximum 
ratio obtainable with a three-speed transmission is 4 tc 
1, and anything greater than this would cause very un- 
satisfactory gear changing. Four-speed transmissions 
have in the past been the exception, and even those which 
did exist did not have anything approaching the proper 
low-gear ratio. In fact, the idea of utilizing all of the 
available traction on low gear seems to have become popu- 
lar in the last few years. At present there is a decided 
trend in this direction which we can expect to grow very 
rapidly when engineers and truck users have had time to 
realize the possibilities. 

The Class B, truck is, in a way, responsible for the 
rapid growth of the idea, although not for its incep- 
tion, as it afforded engineers a large scale demonstra- 
tion of the principle. Anyone who has seen the B truck 
negotiating roads and grades over which other very 
good trucks were unable even to move could not but be 
impressed. 


INCREASING Low-GRaR ABILITY 


Increasing low-gear ability will, of course, require a 
proportionate increase in the size of torque-carrying 
members back of the transmission, such as propeller- 
shafts and live axles. However, the design of such parts 
to meet these conditions is a very simple and exact 
proposition. Since the torque required for slipping the 
wheels is a definite proportion of the load upon the 
tires, the torque and load-carrying members of the axle 
can be proportioned accordingly. Since it is impossible 
to impress a torque upon the axle greater than the ad- 
hesion of the tires will transmit, it will be impossible 
with an axle so designed to over-stress the torque-carry- 
ing members no matter how large an engine or how low 
a gear ratio is used. 

Propeller-shaft brakes also cease to be a bugaboo for 
tire adhesion limits braking torque just as much as it 
does propelling torque. The advantages of this should 
appeal to axle manufacturers. Even without increasing 
the strength of the torque-carrying members increased 
low-gear ability should tend to reduce rather than to in- 
crease the strain on these parts. With adequate low-gear 
ability it is no longer necessary to speed up the engine 
and drop in the clutch suddenly to get out of bad holes. 
Instead, an even, steady torque is applied, which does 
much less harm than the shock of a suddenly applied 
torque. I know of an instance where the breakage of 
live axles was actually eliminated in a fleet of trucks 
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operating in a very severe service by increasing the low- 
gear ability. 

An objection has been raised to increased low-gear 
ability on the ground that it will tend to encourage over- 
loading. My experience leads me to believe that the 
amount of overload that a driver will carry depends, not 
on the low gear, but upon the high-gear ability. When 
a driver finds that overloading necessitates more fre- 
quent gear shifting and consequent loss of speeds, he 
will be quite likely to make sure that his truck is prop- 
erly loaded thereafter. Decreasing high-gear and in- 
creasing low-gear ability should therefore tend to dis- 
courage rather than to encourage overloadinz. 

Another objection to increased low-gear ability is 
that it makes low-gear operation too slow. This objection 
is hardly a valid one, for unless the conditions demand 
the use of low gear, the truck can be operated on second 
speed, which is faster than the low gear of a three-speed 
transmission. In fact, if we consider the low gear as an 
ability reserve, the other three speeds will in each case 
be faster than the equivalent speeds of a three-speed 
transmission. A truck with a four-speed transmission 
will therefore have a higher average speed than one with 
only three rates. 
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abilities. There is not the slightest doubt in my mind 
that the average driver would consider the four-speed 
truck the more powerful as well as the speedier and more 
economical of the two. 

The maximum ability of a truck is that on low gear, 
and consequently the power of a truck will be judged 
more by its low-gear than by its high-gear ability for 
the same reason that the speed of a truck is judged from 
its maximum or high-gear speed. 

Any trend of design, to survive, must be funda- 
mentally correct. I have endeavored to set forth some 
of the principles upon which the present trend toward 
four-speed transmissions is based and to show why the 
trend is bound to grow in spite of the inertia which all 
radical changes in design must overcome. 


PNEUMATIC TIRES ON TRUCKS 


There is another trend in the motor truck field in con- 
nection with which the matter of ability should be given 
some careful consideration. That is pneumatic tires for 
large trucks. I will not attempt to discuss all of the 
problems involved in this subject which are perplex- 
ing truck engineers at the present time, such as brakes, 
turning radii, body height, etc., but will confine myself 





DIAGRAM SHOWING How SLIGHT DIFFERENCES OF GRADE ACTUALLY 


The objection raised to reducing high-gear ability is 
that such a move would not meet with favor in the eyes 
of truck users. To judge the merits of this objection, 
let us compare the hill-climbing abilities of two trucks, 
une with a high-gear ability coefficient of 0.072 and a 
three-speed transmission with a low-gear reduction of 
4 to 1 and the other with a high-gear ability coefficient 
of 0.063 and with a four-speed transmission having a 
low-gear reduction of 5.8 to 1. Assuming that the road 
resistance is 0.03 Ib. per lb., the three-speed truck will 
be able to climb a grade of 4.2 per cent on high gear. 
On low gear this truck will have an ability coefficient of 
0.272 lb. per lb., and will be able to climb a grade of 
24.2 per cent. The truck with the four-speed transmis- 
sion will be able to climb a grade of 3.3 per cent on 
high gear. On low gear this truck will have an ability 
coefficient of 0.345 lb. per lb., and will be able to climb a 
grade of 31.5 per cent. 

Now where is there a driver who can distinguish be- 
tween a 3 and a 4 per cent grade? The difference be- 
tween a 24 and 31 per cent grade, however, is quite ap- 
preciable. The accompanying diagram shows these 
grades drawn to scale and serves to show how slight the 
apparent difference is between the high-gear hill-climbing 
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to the problems in which the question of ability is in- 
volved. In the first place, the strongest reason for the 
use of pneumatic tires on heavy trucks is to be able to 
increase the speed and consequently the ton-miles per 
day without injury to the vehicle. From a standpoint of 
dollars and cents, I do not see how pneumatic tires can 
be sold to replace solid ones unless this is accomplished. 
Undoubtedly the cost of pneumatic tires is higher than 
that of the solid type, and unless the owner is able to get 
an increased return on his total investment, due to an in- 
crease in ton-miles, he cannot be induced to invest the 
extra money in pneumatic tire equipment. Increasing 
the truck speed means an increase in engine speed or a 
reduction in gear ratio. It certainly is not desirable to 
increase engine speed, for, as surely as this is done, an 
increased amount of trouble will result. 

Now any reduction in gear ratio will result in low- 
ered ability. No one knows whether road resistance is 
more or less with pneumatic than with solid tires. This 
much we do know, however. When the speed of a truck 
is appreciably increased, the ability should approach 
closer to that of passenger cars. Road and grade re- 
sistance are no longer the only forms of resistance to 
be overcome. Not only does wind resistance become a 










































considerable factor at higher speeds, but the car must 
have an ability reserve to accelerate to this increased 
speed within a reasonable length of time. Thus, the use 
of pneumatic tires calls for not only increased speed but 
increased ability. Power being the product of force 
by velocity, it is evident that the engine must develop 
horsepower. It being inadvisable to increase the engine 
velocity, it is evident that the engine must develop greater 
horsepower. It being inadvisable to increase the engine 
speed, there is only one thing left to do, and that is to 
increase the size of the engine. This means a corre- 
sponding increase in the transmission drive shafts and 
in fact in all the power-transmitting parts of the chassis. 
There is no doubt that the use of pneumatic tires will 
permit an appreciable reduction in the weight of all load- 
carrying parts of the chassis. I am inclined to believe, 
however, that this saving will be offset by the increase in 
the engine and other power-carrying members, so that 
there will be no ultimate saving in weight or cost. 

Let us compare a 31!4-ton truck intended to operate on 
solid tires, with one designed especially for the pneu- 
matic type. The specifications of the solid-tire truck 
may be assumed somewhat as follows: 

ee RE GEE WEMSEIG, TD. oo c ccccccseseceees 15,300 

Rear tire size, in. 386x5 dual 

2 eee ee eee 14 


EES SECT ee eT eee 4% x5% 
Piston displacement, cu. in. ...............00--; 365.8 
ac Sh neh +4 ebion a wal pe ws 8% to l 
EE NS la lirciols se a baa OS CHR a 6 8 he 1,141 
Ability coefficient, Ib. per Ib. ...........0222.05- 0.07 


For the pneumatic-tire truck, let us assume a speed 
of 20 miles per hr. At this speed we should have ar 
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ability of about 0.08 lb. per lb. in order 
1200 r.p.m. engine speed. With 44 x 10-in. 
axle ratio should be approximately 


not to exceed 
rear tires, the 


1200 ms 
TOF - say 7% tol 
52.6 


The piston displacement would then be 


os DwWrT 


12.15 R 


44 X 15,300 > 


0.08 
12.15 < 7.75 


“— 578 cu. in. 


This is approximately the displacement of a 51% x 6 or 
a 544 x 64 in. engine and is even larger than is used for 
a 5-ton truck on solid tires. 

I do not wish to be understood as opposing pneumatic 
tires for trucks. In fact I believe that the increased use 
of pneumatic tires will greatly widen the field of useful- 
ness of motor trucks and should be encouraged by all 
truck builders. The point that I wish to bring out, how- 
ever, is that high-speed pneumatic-tire trucks and slow- 
speed solid-tire trucks are fundamentally two very dif- 
ferent propositions and should be treated as such. To 
operate successfully on pneumatic tires a truck should 
be especially designed for this service and should partake 
more of the characteristics of a large passenger chassis 
than do the trucks now operating on solid tires. 

In conclusion, I want to impress upon you the fact 
that ability is not an abstract quantity of purely academic 
interest but is a factor having a direct bearing upon 
the most important problems of motor truck engineering. 
The subject of ability is therefore one to which engi- 
neers can well afford to devote considerable attention 
and study. 


OMNIBUS BODY DESIGN 


I understand that the London companies have reduced the 
weight of their double-deck bodies to the utmost limit to 
comply with the requirements of the Commissioner of Police. 
These bodies, I believe, weigh 25 cwt. or, perhaps, some may 
weigh 24 ewt. A single-deck body as usually constructed for 
the provinces weighs from 30 to 35 cwt. to carry twenty-four 
passengers inside; a lighter type of single-deck body for use 
in London to carry thirty-four passengers might be expected 
to weigh 30 cwt. 

An omnibus should have no doors—only doorways or an 
entrance. If two files of people are to pass one another in 
opposite directions, providing a wide entrance is useless 
unless there is an equally wide gangway inside the omnibus; 
hence we must sacrifice a row of seats. 

The external width of an omnibus in London is 86 in. The 
side body framework absorbs 4 in., leaving 82 in. Four pas- 
sengers must sit abreast to provide seats for thirty-four pas- 
sengers, and, if we allow them 18 in. each for shoulder room, 
we have left a gangway 10 in. wide. 

This London body limit of 86 in. is far too wide and should 
be cut down substantially, as should also the local govern- 


ment board’s maximum width of 90 in. for the provinces. 
Anyone familiar with driving knows that it is most difficult 
to take a wide vehicle safely through traffic. It has always 
been my contention that an omnibus might as well be a source 
of danger through the width of the top deck as through the 
excessive width of the body. 

A low load-line and high ground clearance can readily be 
obtained by using a chain-driven vehicle, but, if prejudice 
against this type of drive is such that the chassis is not a 
selling proposition, then some ground clearance should be 
sacrificed. The double bevel drive also offers a solution. A 
low load-line with the driver farther but not too far forward, 
is all that is required in a chassis for double-deck omnibuses. 

To compare the respective merits of the single versus the 
double deck vehicle, one has only to realize that the human 
form in a sitting posture must occupy a certain minimum 
floor space and that it cannot be compressed below this min- 
imum. The great advantage of the double-deck vehicle is 
that it holds the same number of passengers in half the area 
required in a single-deck vehicle. The single-deck omnibus 
must have double the floor space of the double-deck omnibus. 
—W. J. Hickman in Motor Traction. 
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Application of Liberty Engine Materials 
to the Automotive Industry 


By Haroip F. Woop! (Member) 


much information has been published concerning 

the various engineering details of the Liberty En- 
gine. It is my purpose to discuss the different types of 
materials used in the production of this engine, the 
physical properties of the finished parts and the heat 
treatments used to produce them and the application of 
this information to the automobile, truck and tractor in- 
dustries. 


Gm the armistice was signed on Nov. 11, 1918, 


CARBON STEEL SCREW MACHINE AND CARBONIZED PART 

The most important items to be taken into considera- 
tion in the selection of material for parts of this type are 
uniformity and machineability. It has been demon- 
strated many times in the last 2 yr. that the ordinary 
grades of Bessemer screw stock are unsatisfactory for 
aviation purposes, due to the presence of excessive 
amounts of unevenly distributed phosphorus and sul- 
phide segregations. For this reason, material finished by 
the basic open-hearth process was used, in accordance 
with the following specification: 

Per cent 
Sn A ee Ce ee Ee 0.150 to 0.250 
MI, 6. 2 i.2 cc's dwiaratoureeaee ome ee 0.500 to 0.800 


PONE: civic :t0ccwenvasae end owes 0.045 maximum 
PUES onivccaccrecsscbeunsteuesens 0.060 to 0.090 


This material in the cold-drawn condition will show the 
following minimum physical properties: 


instic Hed’. Th. PSF Bs The coc isc css i waives 50,000 
Elongation in 2 in., per Cent ... wc cecccvccccescece 10 
Reduction of areR, PET CONE ...cccceccccccvevecsices 35 


It was found that this material gave as uniform 
physical properties as did S. A. E. No. 1020 steel and at 
the same time was sufficiently free cutting to produce a 
smooth fhread and enable the screw machine manufac- 
turers to produce, to the same thread limits, approxi- 
mately 75 per cent as many parts as they could produce 
from Bessemer screw stock. 

There are but seven carbon steel carbonized parts on 
the Liberty Engine. The most important are the cam- 
shaft, the camshaft rocker lever roller and the tappet. 
The material used for parts of this type was S. A. E. 
No. 1020 steel, which is of the following chemical analy- 


$1S: 


Per cent 
I oo aids: drotaiesens Cv ety oreeen eee 0.150 to 0.250 
ee Ee ee ee 0.300 to 0.600 
Phosphorus .....ccccccsccsceccccecs 0.045 maximum 
BUIWORE occ cccccsccccenwsecsees cuss 0.050 maximum 


The heat treatment of the carbonized parts used on 
the Liberty Engine consisted in carbonizing at a tem- 
perature of from 1650 to 1700 deg. fahr. for a sufficient 
length of time to secure the proper depth of case and 
cool slowly or quench; then reheat to a temperature of 
1380 to 1430 deg. fahr., to refine the grain of the case and 





‘Metallurgical engineer, Central Steel Co., Masillon, Ohio. 
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quench in water. The only thing that should limit the 
rate of cooling from the carbonizing heat is distortion. 
Camshaft rocker lever rollers and tappets, as well as 
gear pins, were quenched directly from the carbonizing 
heat in water and then case refined and rehardened by 
quenching in water from a temperature of from 1380 to 
1430 deg. fahr. 

The advantage of direct quenching lies in the produc- 
tion of fiber. The rapid cooling causes the strength of 
the amorphous intercrystalline material to be greater 
than that of the crystals themselves, which produces the 
same practical results as are obtained by increasing the 
amount of amorphous intercrystalline material by refin- 
ing the grain of the core by a 1625 to 1650 deg. fahr. 
quench in oil. The existence of this condition causes the 
shock resisting properties of the part in question to be 
increased greatly. 

Another advantage obtained from rapid cooling from 
the carbonizing heat is the retaining of the majority of 
the excess cementite in solution which produces a less 
brittle case and by so doing reduces the liability of grind- 
ing checks and chipping of the case in actual service. 

In the case of the camshaft, it is not possible to quench 
directly from the carbonizing heat because of distortion 
and therefore excessive breakage during straightening 
operations. All Liberty camshafts were cooled slowly 
from carbonizing heat and hardened by a single reheat- 
ing to a temperature of from 1380 to 1430 deg. fahr. and 
quenching in water. 

Considerable trouble has always been experienced in 
obtaining uniform hardness on finished camshafts. This 
is caused by insufficient water circulation in the quench- 
ing tank, which allows the formation of steam pockets 
to take place, or by decarbonization of the case during 
heating by the use of an over-oxidizing flame. Another 
cause, which is very often overlooked, is due to the case 
being ground off one side of cam more than the other 
and is caused by the roughing master cam being slightly 
different from the finishing master cam. Great care 
should be taken to see that this condition does not occur, 
especially when the depth of case is between 1/32 and 
3/64 in. 

CARBON STEEL ForGINGS 

Low stressed carbon steel forgings include such parts 
as carbureter control levers, ete. The important cri- 
terion for parts of this type is ease of fabrication and 
freedom from overheated and burned forgings. The 
material used for such parts was S. A. E. No. 1030 steel, 
which is of the following chemical composition: 


Per cent 
COE: C.s5s5 cers theese cemamensene 0.250 to 0.350 
IG so 4 0 i iM oben dadseen 0.500 to 0.800 
PRUE os wwevrcedn Sndea daveuen 0.045 maximum 
Pee re 0.050 maximum 


To obtain good machineability, all forgings producea 
from this steel were heated to a temperature of from 
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1575 to 1625 deg. fahr. to refine the grain of the steel 
thoroughly and quenched in water and then tempered to 
obtain proper machineability by heating to a tempera- 
ture of from 1000 to 1100 deg. fahr. and cooled slowly 
or quenched. 

Forgings subjected to this heat treatment will be free 
from hard spots and will show a Brinell hardness of 177 
to 217, which is proper for all ordinary machining opera- 
tions. Great care should be taken not to use steel for 
parts of this type containing less than 0.25 per cent car- 
bon, because the lower the carbon the greater the liability 
of hard spots, and the more difficult it becomes to elim- 
inate them. The only satisfactory method so far in com- 
mercial use for the elimination of hard spots is to give 
forgings a very severe quench from a high temperature, 
followed by a proper tempering heat to secure good ma- 
chineability as outlined above. 

The important carbon steel forgings consisted of the 
cylinders, the propeller-hubs, the propeller-hub flange, etc. 
The material used for parts of this type was S. A. E. 
No. 1045 steel, which is of the following chemical com- 
position: 


Per cent 


DE Shnebt ckbheetaeesesccces cess 0.400 to 0.500 
PE Jencetite Migacetices ectons 0.500 to 0.800 
EE ee! ee 0.045 maximum 
ER a dts aiiie hax a'W ole +:6i6,010 ealete 0.050 maximum 


All forgings made from this material must show, after 
heat treatment, the following minimum physical proper- 
ties: 


rr os ccncccde enone 70,000 
WOUED 6 ce ccc rc ccusceseees 18 
SE GON, WOR CONG 2. ccc cc ccccccccvcess 45 
EOD) EN otis desde ws cwecwe 217 to 255 


To obtain these physical properties, the forgings 
were quenched in water from a temperature of 1500 to 
1550 deg. fahr., followed by tempering to meet proper 
Brinell requirements by heating to a temperature of 1150 
to 1200 deg. fahr. and cooled slowly or quenched. No 
trouble of any kind was ever experienced with parts of 
this type. 

It is my opinion that it was unnecessary to specify 
two kinds of carbon steel for forgings. If the Liberty 
program was to be repeated, I would urgently recommend 
that both S. A. E. Nos. 1030 and 1045 steel be replaced 
by S. A. E. Nos. 1035 or 1040 steel. Either one of these 
steels would be ideal for low stressed carbon steel forg- 
ings, due to the ease of hard spot elimination and also 
ideal for important carbon steel forgings, as it would be 
possible to obtain the physical properties indicated by 
using the same quench and a 150 to 175 deg. fahr. lower 
tempering temperature. This substitution would reduce 
the number of carbon steels used as well as appreciably 
the cost of the finished part. 

The principal carbon steel pressed parts used on the 
Liberty Engine were the water-jackets and the exhaust 
manifolds. The material used for parts of this type was 
S. A. E. No. 1010 steel, which is of the following chemical 
composition : 

Per cent 


EE WE. Ue Ntewd dv ee ect td eocuven 0.050 to 0.150 
DR S550 v.cnls ai sil das tbe ve ele 0.300 to 0.600 
EE ceccrcececcccsedenceces 0.045 maximun 
PEE occeaescaccccectcccseccescoees 0.045 maximum 


No trouble was experienced in the production of any 
parts from this material with the exception of the water- 
jacket. Due to the particular design of the Liberty 
cylinder assembly, many failures occurred in the early 
days, due to the top of the jacket cracking from fatigue. 





It was found that these fatigue failures were caused 
primarily from the use of jackets which showed small 
scratches or die marks at this point and secondarily by 
improper annealing of the jackets themselves between the 
different forming operations. By a careful inspection 
for die marks and by giving the jackets 1400 deg. fahr. 
annealing before the last forming operation, it was pos- 
sible to eliminate the trouble encountered completely. 


HIGHLY STRESSED PARTS 


The highly stressed parts on the Liberty Engine con- 
sisted of the connecting-rod bolt, the main bearing bolt, 
the propeller-hub key, etc. The material used for parts 
of this type was selected at the option of the manufac- 
turer from the following standard S. A. E. steels, the 
composition of which are given below: 


RR. sha Scone + asi eines 2330 3135 6130 
Carbon, minimum ee a 0.250 0.300 0.250 
ae 0.350 0.400 0.450 
Manganese, minimum ....... 0.500 0.500 0.500 
maximum....... 0.800 0.800 0.800 
Phosphorus, maximum ...... 0.040 0.040 0.040 
Sulphur, maximum .......... 0.045 0.045 0.045 
Nickel, minimum ............ 3.250 1.000 
rs 3.750 1.500 a oare 
Chromium, minimum ......... 0.450 0.800 
et 0.750 1.100 
Vanadium, minimum ......... 0.150 


All highly stressed parts on the Liberty Engine must 
show, after heat treatment, the following minimum phy- 
sical properties: 

eS Se ee rere 100,000 

Elongation in 2 in., per cent ...........cccccccees 16 

Reduction of area, per cent .............ecceeeees 5 

Scleroscope hardness 

The heat treatment employed to obtain these physical 
properties consisted in quenching from a temperature of 
1525 to 1575 deg. fahr., in oil, followed by tempering at 
a temperature of from 925 to 975 deg. fahr. 

Due to the extremely fine thread limits used on all 
threaded parts for the Liberty Engine, a large percentage 
rejection was met by heat treating the finished parts, 
due to warpage and slight scaling of threads. To 
eliminate this objection, many of the Liberty Engine 
builders adopted the use of heat-treated and cold-drawn 
alloy steel for their highly stressed parts. On all sizes 
up to and including *¢ in. in diameter, the physical 
properties were secured by merely normalizing the hot 
rolled bars by heating to a temperature of from 1525 to 
1575 deg. fahr., and cooling in air, followed by the usual 
cold-drawing reductions. For parts requiring stock over 
“2 in. in diameter, the physical properties desired were 
obtained by quenching and tempering the hot rolled bars 
before cold drawing. It is my opinion that the use of 
heat-treated and cold-drawn bars is very good practice, 
provided proper inspection is made to guarantee the 
uniformity of heat treatment and, therefore, the uni- 
formity of the physical properties of the finished parts. 

The question has been asked many times by different 
manufacturers, as to which alloy steel offers the best 
machineability when heat treated to a given Brinell 
hardness. I have no definite figures on this matter, but 
the general consensus of opinion among the screw ma- 
chine manufacturers, is that S. A. E. No. 6130 steel 
gives the best machineability and that S. A. E. No. 2330 
steel would receive second choice of the three specified. 

In the finishing of highly stressed parts for aviation 
engines, extreme care must be taken to see that all tool 
marks are eliminated, unless they are parallel to the 
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axis of strain, and that proper radii are maintained at 
all changes of section. This is of the utmost importance 
to give proper fatigue resistance to the part in question. 


GEARS 


The material used for all gears on the Liberty Engine 
was selected at the option of the manufacturer from the 
following standard S. A. E. steels, the composition of 
which are given below: 


ae ee ee X-3340 6140 
TOON, THING 5 no oc ccccadevssuces .350 0.350 
NUNN hs hho 40s eeeenes 0.450 0.450 
Manganese, minimum ................ 0.450 0.500 
WN 5 Ss 5 ésids kas dees 0.750 0.800 
Phosphorus, maximum ............... 0.040 0.040 
SSUIPMUP, WIAMUMEM (cide cewdicccelewes 0.045 0.045 
PH ICIOE,, TOMEI os. 50 0:0 0000 bid vcd a bw 
re et 
Chromiam, miMiMIUM 6.4.0.0 0.60006 08 0.700 0.800 
oe a eter 0.950 1.100 
VOneGiGm: MINIMUM: «<< vicoc<sceacvces ieee 0.150 


All gears were heat treated to a scleroscope hardness 
of from 55 to 65. The heat treatment used to secure this 
hardness consisted in quenching the forgings from a 
temperature of 1550 to 1600 deg. fahr. in oil and anneal- 
ing for good machineability at a temperature of from 
1300 to 1350 deg. fahr. Forgings treated in this manner 
showed a Brinell hardness of from 177 to 217. 

At the option of the manufacturer, the above treatment 
of gear forgings could be substituted by normalizing the 
forgings at a temperature of from 1550 to 1600 deg. 
fahr. The most important criterion for proper normal- 
izing consisted in allowing the forgings to cool through 
the critical temperature of the steel, at a rate not to ex- 
ceed 50 deg. fahr. per hr. For the two standard steels 
used, this consisted in cooling from the normalizing 
temperature down to a temperature of 1100 deg. fahr., 
at the rate indicated. Forgings normalized in this man- 
ner will show a Brinell hardness of from 177 to 217. 
The question has been repeatedly asked as to which 
treatment will produce the higher quality finished part. 
In answer to this I will state that on simple forgings 
of comparatively small section, the normalizing treat- 
ment will produce a finished part which is of equal 
quality to that of the quenched and annealed forgings. 
However, in the case of complex forgings, or those of 
large section, more uniform physical properties of the 
finished part will be obtained by quenching and annealing 
the forgings in the place of normalizing. 

The heat treatment of the finished gears consisted of 
quenching in oil from a temperature of from 1420 to 1440 
deg. fahr. for the No. X-3340 steel, or from a temperature 
of from 1500 to 1540 deg. fahr. for No. 6140 steel, fol- 
lowed by tempering in saltpeter or in an electric fur- 
nace at a temperature of from 650 to 700 deg. fahr. 

The question has been asked by many engineers, why 
is the comparatively low scleroscope hardness specified for 
gears? The reason for this is that at best the life of an 
aviation engine is short, as compared with that of an 
automobile, truck or tractor, and that shock resistance is 
of vital importance. A scleroscope hardness of from 55 
to 65 will give sufficient resistance to wear to prevent re- 
placements during the life of an aviation engine, while 
at the same time this hardness produces approximately 
50 per cent greater shock resisting properties to the 
gear. In the case of the automobile, truck or tractor, re- 
sistance to wear is the main criterion and for that reason 
the higher hardness is specified. 

Great care should be taken in the design of an aviation 


engine gear to eliminate sharp corners at the bottom of 
teeth as well as in keyways. Any change of section in 
any stressed part of an aviation engine must have a radi- 
us of at least 1/32 in. to give proper shock and fatigue 
resistance. Thts fact has been demonstrated many times 
during the Liberty Engine program. 


CONNECTING-Rops 


The material used for all connecting-rods on the Lib- 
erty Engine was selected at the option of the manufac- 
turer from one of two standard S. A. E. steels, the com- 
position of which are given below: 


BOO Bc osncceebasevreseveseb eves X-3335 6135 


heen are 0.300 0.300 
oo a eae eee Tk 0.400 0.400 
Manganese, minimum ..............<. 0.450 0.500 
PE sw n-cienie cadvlesan 0.750 0.800 

Phosphorus, MAKHWNGM «......cccceces 0.040 0.040 
UE, MENMINNOUE Soci cs vawictiee babes 0.045 0.045 
Puseibe, * SRNR oa Ca Sales bw abner 2.750 yy 
i oe Shen 
Chromium, minimum ................ 0.700 0.800 
IIS os. 0 i 5: 0. 60s wre ee 0.950 1.100 

Vanadium, mimimum ..........6cssses ne 0.150 


All connecting- rods were heat treated to nee the fol- 
lowing minimum physical properties: 


Elastic limit, Ib. per aq. im. .....0s.cceveaseees 105,000 
Elongation in 2 in., per cent ......cccecscccccces 17.5 
Reduction of area, per ee ee Perey 50.0 


Brinell hardness 


The heat treatment used to secure these physical prop- 
erties consisted in normalizing the forgings at a tem- 
perature of from 1550 to 1600 deg. fahr., followed by 
cooling in the furnace or in air. The forgings were then 
quenched in oil from a temperature of from 1420 to 1440 
deg. fahr. for the No. X-3335 steel, or from a tempera- 
ture of from 1500 to 1525 deg. fahr. for No. 6135 steel, 
followed by tempering at a temperature of from 1075 to 
1150 deg. fahr. At the option of the manufacturer, the 
normalizing treatment could be substituted by quenching 
the forgings from a temperature of from 1550 to 1600 
deg. fahr., in oil, and annealing for the best machine- 
ability at a temperature of from 1300 to 1350 deg. fahr. 
bg double quench, however, did not prove satisfactory on 

. X-3335 steel, due to the fact that it was necessary to 
remove forgings from the quenching bath while still at 
a temperature of from 300 to 500 deg. fahr. to eliminate 
any possibility of cracking. In view of the fact that 
this practice is difficult to carry out in the average heat- 
treating plant, considerable trouble was experienced. 

The most important criterion in the production of avia- 
tion engine connecting-rods is the elimination of burned 
or severely overheated forgings. Due to the particular 
design of the forked rod considerable trouble was ex- 
perienced in this respect, because of the necessity of re- 
heating the forgings before they are completely forged. 
As a means of elimination of burned forgings, test lugs 
were forged on the channel section as well as on the top 
end of fork. After the finish heat treatment, these test 
lugs were nicked and broken and the fracture of the 
steel carefully examined. This precaution made it pos- 
sible to eliminate burned forgings as the test lugs were 
placed on sections which would be most likely to become 
burned. 

There is a great difference of opinion among engineers 
as to what physical properties an aviation engine con- 
necting-rod should have. Many of the most prominent 
engineers contend that a connecting-rod should be as 
stiff as possible. To produce rods in this manner in any 
quantity, it is necessary for the final heat treatment to 
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be made on the semi-machined rod. This practice would 
make it necessary for a larger percentage of the semi- 
machined rods to be cold straightened after the finish 
heat treatment. The cold straightening operation on a 
part having important functions to perform as a con- 
necting-rod is extremely dangerous. 

In view of the fact that a connecting-rod functions as 
a strut, it is my opinion that this part should be only 
stiff enough to prevent any whipping action during the 
running of the engine. The greater the fatigue resist- 
ing property that one can put into the rod after this stiff- 
ness is reached, the longer the life of the rod will be. 
This is the reason for the Brinell limits mentioned being 
specified. 

In connection with the connecting-rod, I wish to em- 
phasize again the importance of proper radii at all 
changes of section. The connecting-rods for the first few 
Liberty Engines were machined with sharp corners at the 
point where the connecting-rod bolt-head fits on assembly. 
On the first long endurance test of a Liberty Engine 
equipped with rods of this type, failure resulted from 
fatigue starting at this point. It is interesting to note 
that every rod on the engine which did not completely 
fail at this point had started. The adoption of a 1/32-in. 
radius at this point completely eliminated fatigue fail- 
ures on Liberty rods. 


CRANKSHAFT 


The crankshaft was the most highly stressed part of 
the entire Liberty Engine, and, therefore, every metal- 
lurgical precaution was taken to guarantee the quality of 
this part. The material used for the greater portion of 
the Liberty crankshafts produced was nickel chromium 
steel of the following chemical composition: 


Per cent 
RE Ale ohn oe ure w Wana eee 0.350 to 0.450 
EPO ET EET Te 0.300 to 0.600 
oar Ge 4-6 84.6 9, K0ie.« Aieig 4 om 0.040 maximum 
alae red edt lhl are Anno 4: 0! ele ee. say's! 8 0.045 maximum 
EEE SR ae eee Ea 1.750 to 2.250 
RED, SGN sb ctnerh od Wb Wee a onerblens 0.700 to 0.900 


Each crankshaft was heat treated to show the following 
minimum physical properties: 


Bene NINE, FD. WOR GG. I. ccc ccccccccccecne 116,000 
Elongation in 2 mm., per cent .......ccccccccccees 16 
MOGGCHON Of ATOR, PET CeENt .. oc cccccccccccccvcee 50 
EE EE erry ee re eee eee eee 34 
SE III iis oth dd oc eccccvene ce enes 266 to 321 


For every increase of 4000 lb. per sq. in. in the elastic 
limit above 116,000 Ib. per sq. ia., the minimum Izod im- 
pact required was reduced 1 ft.-lb. 

The heat treatment used to produce these physical prop- 
erties consisted in normalizing the forgings at a tempera- 
ture of from 1550 to 1600 deg. fahr., followed by quench- 
ing in water at a temperature of from 1475 to 1525 deg. 
fahr. and tempering at a temperature of from 1000 to 
1100 deg. fahr. It is absolutely necessary that the 
crankshafts be removed from the quenching tank before 
being allowed to cool below a temperature of 500 deg. 
fahr., and immediately placed in the tempering furnace 
to eliminate the possibility of quenching cracks. 

A prolongation of not less than the diameter of the 
forging bearing was forged on one end of each crank- 
shaft. This was removed from the shaft after the finish 
heat treatment, and physical tests were made on test 
specimens which were cut from it at a point half way be- 
tween the center and the surface. One tensile test and 
one impact test were made on each crankshaft, and the 
results obtained were recorded against the serial num- 
ber of the shaft in question. This serial number was 
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carried through all machining operations and stamped on 
the cheek of the finished shaft. In addition to the above 
tensile and impact tests, at least two Brinell hardness 
determinations were made on each shaft. 

All straightening operations on the Liberty crankshaft 
which were performed below a temperature of 500 deg. 
fahr. were followed by retempering at a temperature of 
approximately 200 deg. fahr. below the original temper- 
ing temperature. 

Another illustration of the importance of proper ra- 
dii at all changes of section is given in the case of the 
Liberty crankshaft. The presence of tool marks or under 
cuts must be completely eliminated from an aviation 
engine crankshaft to secure proper service. During the 
duration of the Liberty program, four crankshafts failed 
from fatigue, failures starting from sharp corners at 
bottom of propeller-hub keyway. Two of the shafts that 
failed showed torsional spirals running more than com- 
pletely around the shaft. As soon as this difficulty was 
removed no further trouble was experienced. 

One of the most important difficulties encountered in 
connection with the production of Liberty crankshafts 
was hair line seams. The question of hair line seams 
has been discussed to greater length by engineers and 
metallurgists during the war than any other single ques- 
tion. Hair line seams are caused by small non-metallic 
inclusions in the steel. There is every reason to believe 
that these inclusions are in the greater majority of 
cases manganese sulphide. There is a great difference 
of opinion as to the exact effect of hair line seams on the 
service of an aviation engine crankshaft. It is my opin- 
ion that hair line seams do not in any way affect the en- 
durance of a crankshaft in service, provided they are 
parallel to the grain of the steel and do not occur on a 
fillet. Of the 20,000 Liberty Engines produced, fully 50 
per cent of the crankshafts used contain hair line seams 
but not at the locations mentioned. There has never been 
a failure of a Liberty crankshaft which could in any way 
be traced to hair line seams. 

It was found that hair line seams occur generally on 
high nickel chromium steels. One of the main reasons 
why the comparatively mild analysis nickel chromium 
steel was used was due to the very few hair line seams 
present in it. It was also determined that the hair lines 
will in general be found near the surface of the forgings. 
For that reason, as much finish as possible was allowed 
for machining. A number of tests have been made on 
forging bars to determine the depth at which hair line 
seams are found, and many cases came up in which hair 
line seams were found *% in. from the surface of the bar. 
This means that in case a crankshaft does not show hair 
line seams on the ground surface this is no indication 
that it is free from such a defect. 


In making one Izod impact test on each Liberty crank- 
shaft, a large amount of valuable information was ob- 
tained pertaining to the value of impact tests. Con- 
siderable confusion arises in attempting to compare im- 
pact with fatigue resisting properties, such as determined 
by the Upton-Lewis, or Stanton machine. The impact 
test reveals the property of brittleness. Hundreds of 
tests were made in which it was shown that a crank- 
shaft showing an Izod impact of only 10 to 15 ft.-lb. will 
show as good results on the Stanton alternating-stress 
machine as a crankshaft which will show an impact of 
50 ft.-lb. Because of results of this nature the question 
has been repeatedly raised as to what property, in the 
actual service of a crankshaft, does the impact test re- 
veal. It is my opinion that the impact test reveals none. 
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This is substantiated by the fact that a number of break- 
down tests were run on crankshafts which showed im- 
pact results as low as from 8 to 10 ft.-lb., and it was 
unable to cause failure on any one of these tests. Of all 
of the Liberty crankshafts that failed during the en- 
tire program, every shaft showed an impact value of 
over 50 ft.-lb. If the Izod tests were made using a 1/32- 
in. radius at bottom of notch on the test specimen which 
compares more nearly with the radii used in good en- 
gineering practice much different results would be ob- 
tained. 

One important peculiarity of nickel chromium steel was 
brought out from the results obtained on impact tests. 
This peculiarity is known as “blue brittleness.” Just 
what the effect of this is on the service of a finished part 
depends entirely upon the design of the particular part in 
question. There has never come to my attention any 
failure of any nickel chromium steel parts in the auto- 
motive industry which could in any way be traced to 
this phenomena. 

Whether or not nickel chromium steel forgings will 
show “blue brittleness” depends entirely upon the tem- 
perature at which they are tempered and their rate of 
cooling from this temperature. The danger range for 
tempering nickel chromium steels is between a tempera- 
ture of from 400 to 1100 deg. fahr. From the data so 
far gathered on this phenomena, it is necessary that the 
nickel chromium steel to show “blue brittleness” be made 
by the acid process. There has never come to my atten- 
tion a single instance in which basic open-hearth steel 
has shown this phenomena. Just why the acid open- 
hearth steel should be sensitive to “blue brittleness” is 
not known. 

Acid open-hearth nickel chromium steel forgings which 
show “blue brittleness” can be put into the proper con- 
dition by quenching in water from the tempering tem- 
perature. A number of tests were run on Liberty crank- 
shaft steel that was made by the acid process in which 
the test specimens were allowed to cool at different rates 
from the tempering temperature. It was found that 
test specimens cooled in the furnace from the tempering 
temperature showed an average Izod impact of 8.7 ft.-lb. 
and those cooled in the air showed an average Izod impact 
of 29 ft.-lb.; those quenched in oil showed an average 
Izod impact of 43 ft.-lb. and those quenched in water 
showed an average Izod impact of 50 ft.-lb. This simply 
means that all that is necessary to eliminate the pres- 
ence of “blue brittleness” is to quench all nickel chromi- 
um steel forgings in water from their tempering tem- 
perature. The last 20,000 Liberty crankshafts that 
were made were quenched in this manner. 

Whether or not a crankshaft will show a high or a low 
impact value depends entirely upon the path of rupture. 
If an intercrystalline fracture is obtained a low impact 
value will result. On the other hand, if a transcrystal- 
line fracture is obtained, a high impact value will result. 
This indicates that the phenomena of “blue brittleness” 
deals entirely with the condition of the amorphous inter- 
crystalline material. 

At the present time there is not enough information 
{o state whether or not this phenomena applies to acid 
teels other than nickel chromium. A committee has 
been appointed to work under the direction of the Na- 
tional Research Council to make a detailed investigation 
of this phenomena. 


Piston-PIN 


The piston-pin on an aviation engine must possess 
maximum resistance to wear and to fatigue. For this 
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reason, the piston-pin is considered, from a metallurgical 
standpoint, the most important part on the engine to 
produce in quantities and still possess the above charac- 
teristics. The material used for the Liberty Engine pis- 
ton pin was 8S. A. E. No. 2315 steel, which is of the 
following chemical composition: 


Per cent 
RCMP TAR: sw Sissr 5a) dita les ahiatea oan toa lg 0.100 to 0.200 
PEORS * oa. . Cl eee ck opie 0.500 to 0.800 
PI sii « cnnig wh hie weneainl 0.040 maximum 
8 Chids 50.060 nsapeevadaaeaiane 0.045 maximum 
EN Te er ee pe aS 3.250 to 3.750 


Each finished piston-pin, after heat treatment, must 
show a minimum scleroscope hardness of the case of 70, 
a scleroscope hardness of the core of from 35 to 55 and 
4 minimum crushing strength when supported as a beam 
and the load applied at the center of 35,000 lb. The 
heat treatment used to obtain the above physical prop- 
erties consisted in carbonizing at a temperature not to 
exceed 1675 deg. fahr., for a sufficient length of time to 
secure a case of from 0.02 to 0.04 in. deep. The pins 
are then allowed to cool slowly from the carbonizing 
heat, after which the hole is finish machined and the pin 
cut to length. The finish heat treatment of the piston- 
pin consisted in quenching in oil from a temperature of 
from 1525 to 1575 deg. fahr. to refine the grain of core 
properly and then quenching in oil at a temperature of 
from 1340 to 1380 deg. fahr. to refine and harden the 
grain of the case properly, as well as to secure proper 
hardness of core. After this quenching, all piston-pins 
are tempered in oil at a temperature of from 375 to 400 
deg. fahr. A 100 per cent inspection for scleroscope hard- 
ness of the case and the core was made, and no failures 
were ever recorded when the above material and heat 
treatment was used. 


ALUMINUM CASTINGS 


The material used for crankcases, camshaft housings, 
etc., was of the following chemical composition: 


Per cent 
RIOR cE este sinew vfelok maa teeelo 7.0 to 8.5 
Ie iis sche wa niaiank arate aa 2.0 maximum 
PE ne vn de vesaccoankhas cee Remainder 


Test specimens attached to castings which were made 
from this alloy showed a minimum tensile strength of 
18,000 lb. per sq. in., and a minimum elongation in 2 in. 
of 1.5 per cent. Due to the more or less complicated 
design of the Liberty crankcases, considerable trouble 
Was experienced in obtaining a satisfactory product. Ap- 
proximately 95 per cent of the crankcases cast for the 
Liberty Engine contained defects which it was necessary 
to repair before passing the casting in question for pro- 
duction. 

Whenever welding operations are carried out on cast- 
ings for aviation purposes great care shculd be taken 
to see that the casting is preheated to a temperature of 
approximately 500 deg. fahr. before the weld is made. 
The welding stick used should be of approximately the 
same chemical composition as the casting itself. It is 
very dangerous to weld any cracks on aluminum castings 
unless a small hole is drilled at each end. It is also very 
dangerous to carry out any welding operations upon ribs 
or bearings of crankcases. 

The use of solder of any kind on an aviation aluminum 
casting is criminal, due to the fact that in this way the 
doors are thrown wide open to the covering up of defects 
which might cause the failure of the casting in service 


—EEEE—————————— ee anne 


eens Scent SL 


} 
| 








July, 1919 
THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 








No castings for aviation purposes should ever be re- 
paired for appearance only, as it is very necessary to 
leave the extent of any defect as apparent as possible 
for the information of the pilot who is to use the finished 
engine. 

The material used for leakproof parts, such as oil 
and water pumps, etc., as well as for die and permanent 
mold castings, such as camshaft bearings, pistons, etc., 
was of the following chemical composition: 


Per cent 
it Lei caw ee twee vecseeesees ec 9.25 to 10.75 
DEE COUbe bse seed ancecevcccevecs 2.00 maximum 
ie we eiabiehebebiesceeees Remainder 


No physical tests were made on castings of this analy- 
sis, due to the fact that different sections of such cast- 
ings show very uneven physical properties as a result 
of the chilling of the casting while being made. This 
is especially true in the case of the permanent mold 
castings. This alloy is more dense than that used for 
erankcases and is also more brittle. It is not advisable 
to use a high-copper alloy on any castings where an 
appreciable ductility is required. 


Baspsitt Linep BEARINGS 


It has been common knowledge among different auto- 
motive engineers that the life of an engine depends al- 
most entirely upon the life of its bearings. This is very 
true in the case of an aviation engine. In the months of 
October, November and December, 1917, the babbitted 
bearings used on the Liberty Engine were of such poor 
quality that it was very much doubted whether or not thé 
engine would be as great a success as was expected. 

The service conditions on connecting-rod bearings in 
an aviation engine are entirely different from those en- 
countered on an automobile. Due to the great explosive 
force used on an aviation engine and the difference in 
physical properties between the babbitt and the bronze 
back, the bearings would fail by the babbitt cracking 
away in spots from the bronze back. The chemical compo- 
sition of the bronze back and the babbitt lining is not the 
primary consideration in the production of a satisfactory 
aviation engine connecting-rod bearing. The thickness 
of the bronze back and the babbitt, the method of bond- 
ing, the uniformity of the bond obtained and the distri- 
bution of load on the bearing are all factors which in 
my opinion are as important, if not more so, than the 
chemical composition. 

The chemical composition of the babbitt lining was 
as follows: 


Per cent 
get eee ee ee ee ee 85.00 to 87.00 
Ec cidevcesocesdectdocesioes 6.50 to 7.50 
GUNEE oc cccccccccccwccccsevessecss 6.50 to 7.50 
Ce ec phbchvetnsvederesbesscoens 0.20 maximum 


The chemical composition of the bronze back was as 
follows: 


Per cent 
SNE cecccccccceccosesccesecscers 79.00 to 81.00 
Ee cc cks baG vebeet eke H6e eee ees 9.00 to 11.00 
RE sé cee ec tied TU Ws so eB HON Ow RO 9.00 to 11.00 
NR alae sy cere Gals Gleb wee ehee* 0.10 to 0.30 
Total impurities .........ccccccecees 0.25 maximum 


It was possible to hold the chemical composition of 
the babbitt lining within the range given, but it was not 
always possible to hold the composition of the bronze 
back within the specified range. This was due to the 
fact that the bronze backs were cast in permanent molds 
by the centrifugal process. For this reason, the lead 





content on the outside of the casting would be radically 
different than that on the inside. 

In connection with the babbitting process extraordi- 
nary pains must be taken to see that a uniform bond is 
obtained and that the babbitt lining be so chilled as to 
give a uniform fine-grained structure. This item is 
the secret in the production of satisfactory aviation en- 
gine bearings. The most important item to watch in 
the manufacture of babbitted bearings is to hold the 
babbitt at a temperature of from 800 to 850 deg. fahr, 
before being cast and to use a casting ladle designed 
so as to guard against any likelihood of dross getting into 
the casting. The casting mold should be chilled in 
such a way that a very fine-grained babbitt of uniform 
microstructure is obtained throughout the entire surface 
of the bearing. When these precautions were completely 
carried out the bearing troubles on the Liberty Engine 
were completely eliminated. 

The most important unlined bushings on any engine 
are those for the piston-pin. On a bushing of this type 
resistance to wear is the main criterion. The material 
used for parts of this type was of the following chemical 
composition: 


Per cent 
ENN iol: Se sacra Ghee liga and: or ous Oat oe 10.00 to 11.50 
I ativis Sodas icine id leet Wh ehadiachce- eave i © se! 2.00 to 3.00 
DE cube ostrceucesvebactbasedhhens 0.20 maximum 
INU: it kee ohn a ena eee aes 0.20 maximum 
ND syst rich Wk isnt gM dai 9 ee le Remainder 


This material, in the cast condition, will show the fol- 
lowing minimum physical properties: 


eee Ce, Os OU OE OR, oi dsc cc vs ce wssenws 19,000 
Tensile strength, lb. per sq. in. ............24- 35,000 
SE Oe Oe Wile Ue GUE views ksawececdaviunbame 9 


As in the case of the babbitt-lined bearings, even if a 
bronze bushing meets this specification, it may or it may 
not give maximum service. To obtain this from an un- 
lined bushing the casting from which it is made must 
be of a uniform fine-grained structure. This necessi- 
tates the employment of exceedingly careful foundry 
practice and the very careful selection of the raw mate- 
rials from which the alloy is made, as well as the elimi- 
nation of excessive use of scrap in the foundry prac- 
tice. Many cases have been found where the wear- 
resisting properties of a fine-grained bushing are 300 
per cent greater than those of a coarse-grained one. 

In addition to the non-ferrous materials previously 
mentioned, a large quantity of Naval and free-cutting 
brass rods and unimportant brass castings were used 
for minor parts on the Liberty Engine, such as the prim- 
ing and oil cups, etc. The materials used on parts of 
this character were selected at the option of the manu- 
facturer, and no particular metallurgical requirements 
were specified. 


APPLICATION TO THE AUTOMOTIVE INDUSTRY 


The information given on the various parts of the 
Liberty Engine applies with equal force to the corre- 
sponding parts in the construction of an automobile, 
truck or tractor. I recommend as first choice for carbon- 
steel screw machine parts material produced by the basic 
open-hearth process and having the following chemical 
composition: 


Per cent 
hs Roe opie anode ebb MUS Tw 0.150 to 0.250 
PE Kc ciccceceseeccvsvecsecews 0.500 to 0.800 
Phosphorus ......cccccccccccccvcces 0.045 maximum 
BOMBER ccccccccccccccscveccvccccce 0.075 to 0.150 


This material is very uniform and is nearly as free 
cutting as Bessemer screw stock. It is sufficiently uni- 
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form to be used for unimportant carbonized parts, as 
well as for non-heat-treated screw machine parts. A 
number of the large automobile manufacturers are now 
specifying this material in preference to the regular 
Bessemer grades. : 


As second choice for carbon steel screw machine parts 
I recommend ordinary Bessemer screw stock, purchased 
in accordance with S. A. E. specification No. 1114. The 
advantage of using No. 1114 steel lies in the fact that 
the majority of warehouses carry standard sizes of this 
material in stock at all times. The disadvantage of 
using this material is due to its lack of uniformity. 


The important criterion for transmission gears is re- 
sistance to wear. To secure proper resistance to wear a 
Brinell hardness of from 512 to 560 must be obtained. 
The material selected to obtain this hardness should 
be one which can be made most nearly uniform, will, 
undergo forging operations the easiest, will be the hard- 
est to overheat or burn, will machine best and will 
respond to a good commercial range of heat treatment. 


It is a well-known fact that the element chromium, 
when in the form of chromium carbide in alloy steel, 
offers the greatest resistance to wear of any combina- 
tion yet developed. It is also a well-known fact that the 
element nickel in steel gives excellent shock-resisting 
properties as well as resistance to wear but not nearly 
as great a resistance to wear as chromium. It has been 
standard practice for a number of years for many manu- 
facturers to use a high nickel-chromium steel for trans- 
wnission gears. A typical nickel-chromium gear specifi- 
cation is as follows: 


Per cent 
IN ict sao on Seals donee coral canine acghesametall 0.470 to 0.520 
NN on i: ats gids dc © ee Sea oo OG BPA 0.500 to 0.800 
PTE n'vcte'ca sieve v eth ueea phe ee 0.040 maximum 
PR litdec's oa ae vie oe wweate Aiba abion 0.045 maximum 
IN iia ies araniie: salmunadein seen ar Kele 0.700 to 0.950 
IE dn ck tanvuiere aperig neh @ Rate we aie 2.750 to 3.250 


There is no question but that a gear made from ma- 
terial of such an analysis will give excellent service. 
However, it is possible to obtain the same quality of 
service and at the same time appreciably reduce the 
cost of the finished part. The gear steel specified is of 
the.air-hardening type. It is extremely sensitive to sec- 
ondary pipe, as well as seams, and is extremely difficult 
to forge and very easy to overheat. The heat-treatment 
range is very wide, but the danger from quenching 
cracks is very great. In regard to the machineability, 
this material is the hardest to machine of any alloy 
steel known. 


If the nickel content of this steel is eliminated, and 
the percentage of chromium raised slightly, an ideal 
transmission-gear material is obtained. This would, 
therefore, be of the following composition: 


Per cent 
CRI os. oo 50 RK RRR Kee 0.470 to 0.520 
DEE. ccs: Seo wweedees ocemeqes 0.500 to 0.800 
INE areca 6448 ee acres sea deus 0.040 maximum 
PEE. vcvncesneseeseksannetesenen 0.045 maximum 
REE, nt keen scetesjuen se eeeeyes 0.800 to 1.100 


The important criterion in connection with the use 
of this material is that the steel be properly deoxidized, 
either through the use of ferrovanadium or its equiv- 
alent. Approximately 2500 sets of transmission gears 
are being made daily from material of this analysis and 
are giving entirely satisfactory results in service. The 
heat treatment of the above material for transmission 
gears is as follows: 
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“Normalize forgings at a temperature of from 1550 
to 1600 deg. fahr. Cool from this temperature to a 
temperature of 1100 deg. fahr. at the rate of 50 deg. 
per hr. Cool from 1100 deg. fahr., either in air or 
quench in water.’” 


Forgings so treated will show a Brinell hardness of 
from 177 to 217, which is the proper range for the best 
machineability. The heat treatment of the finished gears 
consists of quenching in oil from a temperature of 1500 
to 1540 deg. fahr., followed by tempering in oil at a 
temperature of from 375 to 425 deg. fahr. Gears so 
treated will show a Brinell hardness of from 512 to 560, 
or a scleroscope hardness of from 72 to 80. One tractor 
builder has placed in service 20,000 sets of gears of 
this type of material and has never had to replace a 
gear. Taking into consideration the fact that a tractor 
transmission is subjected to the worst possible service 
conditions, and that it is under high stress 90 per cent 
of the time, it seems inconceivable that any appreciable 
transmission trouble would be experienced when material 
of this type is used on an automobile, where the full 
load is applied not over 1 per cent of the time, or on 
trucks where the full load is applied not over 50 per 
cent of the time. 


The gear hardness specified is necessary to reduce 
to a minimum the pitting or surface fatigue of the teeth. 
{f gears having a Brinell hardness of over 560 are 
used, danger is encountered, due to low shock-resisting 
properties. If the Brinell hardness is under 512, trouble 
is experienced due to wear and surface fatigue of the 
teeth. 


For ring gears and pinions I recommend material of 
the following chemical composition: 


Per cent 
re ee SS 0.100 to 0.200 
I ons bs 4:0 wk onion aes 0.350 to 0.650 
INE sive. ba wiacarse nl eaai nantes 0.040 maximum 
MEE. das a 4%. 5 Golebennuaiginte ean 0.045 maximum 
IRIN vididc wines: He Ra eineee wee 0.550 to 0.750 
PEE Sinks ibe ann ae Sewer eeoals 0.400 to 0.600 


Care should be taken to see that this material is 
properly deoxidized either by the use of ferrovanadium 
or its equivalent. The advantage of using a material 
of the above type lies in the fact that it will produce a 
satisfactory finished part with a very simple treatment. 
The heat treatment of ring gears and pinions is ag 
follows: 


“Carbonize at a temperature of from 1650 to 1700 
deg fahr. for a sufficient length of time to secure a 
depth of case of from 1/32 to 3/64 in., and quench 
directly from carbonizing heat in oil. Reheat to a 
temperature of from 1430 to 1460 deg. fahr. and quench 
in oil. Temper in oil at a temperature of from 375 to 
425 deg. fahr. The final quenching operation on a ring 
gear should be made on a fixture similar to the Gleason 
press to reduce distortion to a minimum.” 


One of the largest producers of ring gears and pinions 
in the automotive industry has been using this material 
and treatment for the last 2 yr., and is of the opinion 
that he is now producing the highest quality product 
ever turned out by that plant. 


On some designs of automobiles a large amount of 
trouble is experienced with the driving pinion. If the 
material and heat treatment specified will not give sat- 
isfaction, rather than to change the design it is possible 
to use the following analysis material, which will raise 
the cost of the finished part but will give very excellent 
service: 
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Per cent 


I a ra al oi on @ @ o 6's 0.100 to 0.200 
ee ee 0.350 to 0.650 
EE a 0.040 maximum 
as Uhbbd bese sectoeseceoces 0.045 maximum 
no kt ee cc ke ve ececes 4.750 to 5.250 


The heat treatment of pinions produced from this 
material consists in carbonizing at a temperature of 
from 1600 to 1650 deg. fahr. for a sufficient length of 
time to secure a depth of case from 1/32 to 3/64 in. The 
pinions are then quenched in oil from a temperature of 
1500 to 1525 deg. fahr. to refine the grain of the core 
and quenched in oil from a temperature of from 1340 
to 13860 deg. fahr. to refine and harden the case. The 
use of this material, however, is recommended only in 
an emergency, as high-nickel steel is very susceptible 
to seams, secondary pipe and laminations. 

The main criterion on rear-axle and pinion shafts, 
steering knuckles and arms and parts of this general type 
is resistance to fatigue and torsion. The material recom- 
mended for parts of this character is either S. A. E. No. 
6135 or No. 3135 steel, which have the following chemi- 
cal composition: 


RE ete oa solk fa ci wily Ga a Ws wibie ewes 6135 3135 
PL IRIIIR Sows csccbcececse 0.300 0.300 
NE OE eee 0.400 0.400 
Manganese, minimum................ 0.500 0.500 
EE ee ee 0.800 0.800 
PROSPNOFUS, MAAKIMUM .......cccccee. 0.040 0.040 
I MD. cn cccccescceecces 0.040 0.045 
Te 0.800 1.100 
eo ee a ote ai en ag 0.450 0.750 
I Ms Sai oscie ae cloisieceieee ene 1.000 
tae oy niga e's aS m6 are 1.500 
Mf 0.150 
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Parts of this general type should be heat treated to 
show the following minimum physical properties: 


mastic limit, Ib. per sq. in. .........ccecccces 115,000 
meemgeaction In 2 im., per cont ...........cccccceccs 16 
mecection of area, per cent ..........cccccccccces 50 
id nahin ncaa mocaloals 277 to 32 


The heat treatment used to secure these physical prop- 
erties consists in quenching from a temperature of from 
1520 to 1540 deg. fahr. in water and tempering at a 
temperature of from 975 to 1025 deg. fahr. Where the 
axle shaft is a forging, and in the case of steering 
knuckles and arms, this heat treatment should be pre- 
ceded by normalizing the forgings at a temperature of 
from 1550 to 1600 deg. fahr. It will be noted that these 
physical properties correspond to those worked out for 
an ideal aviation engine crankshaft. If parts of this 
type are designed with proper sections, so that this 
range of physical properties can be used, the part in 
question will give maximum service. 

In conclusion, I wish to state that one of the most 
important developments during the Liberty Engine pro- 
gram was the fact that it is not necessary to use a high- 
analysis alloy steel to secure a finished part which will 
give proper service. This fact should save the auto- 
motive industry millions of dollars on future produc- 
tion. 

If the proper authority be given the metallurgical 
engineer to govern the handling of the steel from the 
time it is purchased until it is assembled into finished 
product, mild-analysis steels can be used and the quality 
of the finished product guaranteed. It was only through 
the careful adherence to these fundamental principles 
that it was possible to produce 20,000 Liberty Engines, 
which is considered to be the most highly stressed mech- 
anism ever produced, without the failure of a single en- 
gine from defective material or heat treatment. 


AVIATION INSURANCE 


NSURANCE is a stabilizing power which frequently de- 
| termines the inherent soundness of a commercial propo- 
sition. It assists development and stimulates progress. There 
is 2 good deal in the complaint of the hundreds of embryonic 
transport ventures that their crystallization has been re- 
tarded by the fact that the requisite financial and kindred 
facilities have not progressed commensurately with the physi- 
cal growth of aviation. This no longer applies with so much 
force. 

All sorts of ordinary commercial risks connected with 
aviation are now insurable with the same ease as any other 
class of business. In assessing the premiums, except in the 
risk of damage to property, against which owners may wish 
to insure as they did against the risk of injury through air 
attack during the war, the underwriter will take into con- 
sideration the following factors: 

The type of machine and the circumstances of its con- 
struction 

The experience of the pilot 

The route of the proposed voyage 


The nature of the flying, whether by day or night, or 
both, and whether the flying will be “straight” or 


“stunts” will be attempted 
With the data available, the premium charged will, it is 
believed, be established on a commercial basis as distinct 
from the former method of speculation, pure and simple. 
The best interests of aviation will be served, not by the 


. 
quotation of flat rates of premium covering comprehensive 
risks, except in special cases where the circumstances de- 
mand it, but rather by the employment of experts capable of 
taking into consideration the many factors centering in each 
risk and in each instance deducing the minimum rate to the 
point determined by its individual merits. 

3y such a process the insurer can arrive at the real solid 
basis of the working cost of his proposition. The factor of 
the expense of insurance being no longer an indefinite quan- 
tity, he knows where he stands and can act accordingly. 

One of the important aspects of the modernized scheme 
will be an allowance for depreciation which will permit of 
the quotation being graduated accordingly. Thus a pros- 
pectus which has been issued provides that in the value to 
be paid in the event of loss a deduction shall be made after 
the first 100 hr. of flying life of the aircraft, of 1/500 for 
each hour of flying life. These figures are not fixed quanti- 
ties. The governing idea is that normally a machine for the 
first 100 hr. suffers no depreciation. After that time depre- 
ciation sets in which should be allowed for in the agreed 
value. 

Such a stipulation would improve the moral hazard in 
respect of the fire risk, but every consideration would be 
given in cases were sound reasons can be advanced against 
its inclusion. It will be found by experience that specializa- 
tion in aviation risks will fill a big gap in the aeronautical 
commercial structure.—The Aeroplane. 
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Progress in Naval Aircraft 


By CoMMANDER J. C. HuNnsaKker! (Non-Member) 


SEMI-ANNUAL MEETING PAPER 


all men-of-war, the types used by the United 
States Navy have come to be known as distinc- 
tively American types, although the military problem 
solved by each type is usually not distinctively American. 
This result has to a large extent come about through a 
natural American prejudice against copying features of 
design and construction with which we are inexperienced. 
This prejudice is, of course, a stimulant to originality, 
but must be tempered by good judgment or good engi- 
neering, which is the same thing. A constructor, while 
he should very properly hestitate to copy practices he 
only half comprehends, must at the same time be quick 
to recognize the merits of a foreign development and to 
adapt or adopt its good features in his own work. 
During the war the Navy selected only one foreign 
seaplane type to be copied in the United States. This 
was the British Admiralty’s flying boat, F-5, plans of 
which were brought to the Naval Aircraft Factory early 
in 1918 when the factory was going in full production 
on the H-16 flying boat, a Curtiss development. Pro- 
duction was shifted over to the new model with con- 
siderable trouble and delay because it had a superior 
bomb capacity and air endurance. But as soon as a start 
was made to prepare the necessary production data for 
the factory and its subcontractors, it was realized that 
very material changes would have to be made. In fact, 
before the boat was finally got into production it resem- 
bled the British prototype only in externals. The changes 
made can be classified under these heads: 


Wi aircraft, as with battleships, destroyers and 


(1) Change of powerplant installation from Rolls- 
Royce to Liberty, involving new oil, water and gasoline 
systems and starting arrangements 

(2) Change of design of all metal parts and fittings 
to permit use of American practice in metal stamping 
machinery and to eliminate hand work 

(3) Change of design of all pins, nuts and bolts to 
American standards 

(4) Change of controls in boat from single to dual 
to meet demands of American flyers ; 

(5) Change from unbalanced to balanced ailerons to 
ease up load on the pilot 

(6) Change of bomb racks and gear for American 
equipment 

(7) Change of internal hull construction from Brit- 
ish ptactice with ribs to American practice with longi- 
tudinal stringers 

(8) Substitute laminated struts and wing spars for 
solid types to save spruce 

(9) Change bottom planking and step construction 
to American practice 

(10) Change system of covering wings to American 
practice, using cotton instead of linen 

(11) Strengthen tail where it appeared weak 

(12) Remake all plans to permit quantity production 
of interchangeable parts assembled from a multitude of 
subcontractors 


The American theory of manufacture is to assemble 
parts procured from separate makers or departments if 
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Illustrated with PaoTroGRA PHS AND CHARTS 


all are made in the same plant. To apply this theory of 
manufacture the design has to be prepared accordingly. 
Also we have American practices, standards and. special 
materials to be looked out for. Some of these special 
practices and materials are common to both Army and 
Navy and represent industrial development, but a great 
many are peculiar to the Navy alone and have been 
arrived at as the result of experience or research. 

The Navy with aircraft, as with ships, does the greater 
part of its own designing and building through its Corps 
of Naval Constructors. At the same time, private design 
and construction are encouraged by contracts with build- 
ers which lodge engineering control in the Navy Depart- 
ment. 

The NC flying boats, whose very recent transatlantic 
performance is too well known to be gone into here, 
represent a typical example of how the Navy operates on 
the engineering side. Their design and construction 
made use of available talent both in and out of the 
service, the facilities of parts makers and the new mate- 
rials developed during the war, and, in general, represent 
the result of organized engineering rather than inven- 
tion. For this reason no one man can be said to have 
designed these craft, although the Chief Constructor of 
the Navy, Admiral Taylor, was at all times responsible 
for ways and means and results as well as the initial 
conception of the project. 

The NC flying boat is, as I say, typical of Naval prac- 
tice, and in describing it I can give some idea why it is 
a distinctively American type and some account which 
may be interesting to engineers of any new processes 
and materials used. 

In the same way the airship or dirigible C-5 is a dis- 
tinctively American type, and while I regret that we did 
not succeed in crossing the Atlantic with it, the flight 
from Long Island to Newfoundland proved the possibili- 
ties from an engineer’s point of view. It appears certain 
that had we set out with three airships, as we did with 
three flying boats, to make the “big hop across,” at least 
one would have made it. The design and construction 
of the C class airships made use of organized engineer- 
ing, just as did the NC project, and in describing it I 
could cover the wartime development in airship construc- 
tion of the Navy. However, to do so would make this 
paper too long and I shall tonfine myself to heavier- 
than-air craft. 

The development of really large flying craft before 
1917 was held back because no suitable engine had been 
designed. Several attempts, both at home and abroad, 
had resulted in failure, notably the Curtiss giant triplane 
and the Sikorski, both land machines. When the 350-hp. 
Rolls-Royce became available, the four-engine Handley- 
Page was brought out in England, but in the United 
States no American engine was in sight until about 
August, 1917, when the preliminary work on the Liberty 
began to look promising. 

Admiral Taylor, as a member of the Aircraft Board, 
was in a position to weigh the evidence as it came in and 
to foresee the ultimate success of the new engine. This 
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engine, then known as the “United States Motor,” was 
still under a cloud of unfavorable comment from foreign 
and domestic experts, but the early troubles were recog- 
nized as natural and inevitable and the chance of success 
looked good. 

About this time the German submarines were ex- 
tremely active and successful and there were grave 
doubts of there being shipping available to transport to 
Europe the great tonnage of American material neces- 
sary to prosecute the war. In particular, one of the 
weapons needed to keep down the submarine was the 
flying boat, and unless we had a great number of flying 
boats on patrol over the European submarine-infested 
areas the shipping space available would be rapidly di- 
minished, and unless there was shipping space the flying 
boats could not get over. It was a vicious circle and 
could be broken only by flying the boats across the At- 
lantic under their own power. For 1918 we had a large 
program of flying boats which were indeed large, but not 
quite large enough to be flown safely across the Atlantic. 
In 1919 we needed something bigger, and to prepare for 
quantity production, the experimental models would have 
to be brought out in 1918. 


THE BEGINNING OF THE NC Boats 


The first step to provide the transatlantic boats was 
the following memorandum: 


Washington, D. C., 
Aug. 25, 1917. 

From: D. W. Taylor, Chief Constructor, U. S. N. 
To : J. C. Hunsaker, Naval Constructor, U.S. N. 

The “United States Motor” gives good promise of 
being a success, and if we can push ahead on the aero- 
plane end, it seems to me the submarine menace could 
be abated, even if not destroyed, from the air. The 
ideal solution would be big flying boats or the equiva- 
lent, that would be able to keep the sea (not air) in 
any weather and also able to fly across the Atlantic to 
avoid difficulties of delivery, etc. 

Please think it over very carefully, particularly as 
to the method of procedure to develop something as close 
to the ideal as possible. 


Design studies were at once put in hand and from 
time to time various men were called in consultation 
with the regular design staff of the Bureau of Construc- 
tion and Repair. Ideas and suggestions from all sources 
were considered, and the design itself became a com- 
posite of ideas, these being chosen and incorporated into 
the design on the basis of suitability and merit and with- 
out any reference to their source. 

Plans were then prepared in the Bureau for a boat of 
this character to be fitted with three engines and for one 
to be fitted with five engines. The predicted performance 
was computed for each boat from which it appeared 
that the three-engine boat could be made to satisfy the 
general requirements of the problem and could be built 
much more quickly and with smaller risk of failure. 
Admiral Taylor accordingly directed that the design 
staff of the Bureau be put on the plans of the three- 
engine type. Investigations were at once undertaken to 
determine in a preliminary way the construction of wing 
beams, struts and the principal structural members, the 
proportions of wing area, fin and control surface areas 
and the materials to be employed for important parts. 
The general appearance of the design was worked out 
and the procedure to be followed in making the detail 
drawings established. 

A 8-ft. model of the design was then made exactly to 
scale and tested by Dr. A. F. Zahm in the wind tunnel 


of the Washington Navy Yard. From his investigations 
of the forces of this model when held in a 70 mile per 
hr. artificial wind, the size and arrangement of tail sur- 
faces needed to guarantee stability and correct balance 
in flight were determined. With a machine of the un- 
precedented size contemplated, it was vitally necessary 
that there should be no doubt on this score, as an acci- 
dent on the trial flights would set the projeet back many 
months besides risking the lives of the crew. 

The design being worked upon was of dimensions 
far beyond any previous experience in this country, indi- 
cating that much unfamiliar territory would have to be 
covered. New methods of construction would be re- 
quired that the design might be successful, as, otherwise 
the weight of the design would increase with such rapid- 
ity as to make success impracticable. In the state of 
design information as it existed in the United States on 
that date, this necessity was one of the greatest serious- 
ness and one which imposed upon the personnel con- 
nected with the design a great amount of investigation 
and experimentation in the working out of the details 
referred to. 

It soon became apparent that the carrying on to the 
completion of design work of such dimensions at the 
Bureau of Construction and Repair in Washington would 
be impracticable, unless the entire facilities of that Bu- 
reau were devoted to this work. Under the enormous 
pressure of air matters connected with the war which 
had devolved upon this Bureau, in common with the other 
bureaus of the Navy Department, this was impossible 
and it was accordingly decided to arrange with the Cur- 
tiss Aeroplane & Motor Corporation, Buffalo, N. Y., to 
complete the drawings with their own design facilities, 
and with the contribution by themselves of such ideas 
of value as might develop under the control and super- 
vision of the Bureau. 


COMPLETION OF DESIGN BY OUTSIDE ORGANIZATION 


A contract was, therefore, made with the Curtiss com- 
pany for the performance of this, the drafting and de- 
sign work. Under the terms of this contract it was to 
carry out all work directed by the Navy Department, 
furnishing in connection therewith all facilities neces- 
sary. The Bureau of Construction and Repair reserved 
to itself the direction and oversight of all work coming 
under that Bureau and, for this purpose, placed in charge, 
as its field representative, Naval Constructor G. C. Wes- 
tervelt, whose headquarters were at the plant of the 
Curtiss Aeroplane & Motor Corporation in Buffalo. Ac- 
tive work on the detail design was begun at Buffalo early 
in October. Shortly after the commencement, Naval 
Constructor H. C. Richardson was ordered for duty in 
connection with the design of the hull. 

In carrying on the actual work of design, the design 
as a whole was first divided into its main elements. 
These main elements were designed or approved by the 
Bureau of Construction and Repair and the various de- 
tails of these were then distributed to the members of the . 
design force at Buffalo working upon them. All ideas, 
whether of the Curtiss Company or of the Navy, were 
pooled, and as details were worked out the decision to ac- 
cept them was made as a result of discussion. 

The flying boats were designated NC, N for Navy 
and C for Curtiss, indicating the joint production of the 
Navy and the Curtiss Engineering Corporation. Being 
designed for war service, the boats are not at all freak 
machines put together to perform the single feat of a 
record-breaking flight but are rugged and comfortable 
craft designed and built in accordance with standard 


PROGRESS IN NAVAL AIRCRAFT 


Navy practice. The NC-1 was in service 7 months and 
had rough handling when the new pilots for the other 
NC boats were trained on her but was in good condition 
to start for the Azores and, considered all round, was 
the best boat of the four. 

The term flying boat is used for the NC type because 
it is actually a stout seaworthy boat that ploughs through 
rough water up to a speed of 60 miles per hr. and then 
takes to the air and flies at a speed of over 90 miles 
per hr. 

The hull or boat proper is 45 ft. long by 10 ft. beam. 
The bottom is a double-plank V with a single step some- 
what similar in form to the standard Navy pontoon for 
smaller seaplanes. Five bulkheads divide the hull into 
six watertight compartments with watertight doors and 
a wing passage for access. The forward compartment 
has a cockpit for the lookout and navigator. In the next 
one are seated side by side the principal pilot or aviator, 
and his assistant. Next comes a compartment for the 


NC-1 wITH ORIGINAL THREE-ENGINE 


members of the crew off watch to rest or sleep. Aft of 
this there are two compartments containing the gasoline 
tanks where a mechanician is in attendance and finally 
a space for the radio man and his apparatus. The mini 
mum crew consists of five men, but normally a relief 
crew would be carried in addition. 

The hull is designed to have an easy flaring bow so 
that it can be driven through a seaway to get up the 
speed necessary to take the air and a strong V-bottom 
to cushion the shock of landing on the water. The com- 
bination of great strength to stand rough water with the 





F-5 LANDING ON STEP 
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HS FtyiInc Boat EQUIPPED WITH A SINGLE LIBERTY ENGINE 
Note the side fins on the hull to increase the beam. These fins are 


omitted on the NC type 
light weight required of anything that flies was a delicate 
compromise, and it is believed that a remarkable result 
has been obtained in this design. The bare hull, as com- 
pleted by the yacht builder and ready for the installation 
of equipment, weighs only 2800 lb., yet the displacement is 
28,000 lb., or 0.1 lb. of boat per lb. of displacement. This 





INSTALLATION 


lightness of construction was attained by a careful selec- 
tion and distribution of materials. The keel is of Sitka 
spruce, as is the planking. Longitudinal strength is 
given by two girders of spruce braced with steel wire. 
To guarantee watertightness and yet keep the planking 
thin, there is a layer of muslin set in marine glue be- 
tween the two plies of planking. 

The lines of the hull mark an important advance in 
the design of planing bottoms. In the early flying boats 
it was considered necessary to have great width to make 
the boat plane at reasonably low speeds. A usual rule 
has been to allow not over 100 lb. of displacement per in. 
of width. Sometimes, to get more width of bottom, side 
fins or pontoons were built out from the main hull, as in 
the F-5, H-16 and HS-1. In the NC hull the radical step 
was made of getting planing by speed rather than by 
width. The NC boats at the start from Newfoundland 
got off with a 233-lb. load per in. of width of planing 
bottom. This is possible because of the easy lines of the 
after body which permit a speed on the water up to 65 
miles per hr. when all engines run at full speed. Run- 
ning at this rate, it is very important that the pilot have 
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control of the fore-and-aft attitude of the boat. This 
he can do by rocking the boat with his elevators. To per- 
mit such rocking while planing at high speed is a rather 
delicate design problem. With a two or more step hydro- 
planing bottom, the boat planes on at least two steps and 
hence is fixed in attitude so that there is nothing the 
pilot can do to change it. With a single deep step the 
boat gets up on this step and is quite unstable except 
for the air controls. Unless the pilot is expert he may 
get into difficulties, especially in a swell. The NC hull 
has a short distance back of the center of gravity a single 
deep step on which the boat can be rocked by the pilot 
after he gets up to planing speeds, but until sufficient 
speed is established to make the air controls effective, the 
stern of the boat is also planing on the water and acts 
somewhat as a second step to hold the boat in a reasonable 
attitude. The form of this stern is novel and constitutes 
an important improvement in the design of flying boats. 
The tests of the model hull in the towing basin at the 
Washington Navy Yard showed that the boat got up to 
speed quickly if trimmed about 8 deg. by the stern. In 
practice the pilots have verified this “optimum trim” and 
at the start let the boat run at this designed or natural 
trim until it rises to the surface of the water and begins 
to plane. The trim is then reduced to 6 deg. to lessen 
the air resistance of the wings and keep down the lift 
so that the boat will stay on the water until the air 
speed meter indicates that flying speed is attained. When 
this rate is reached the pilot watches the sea and “wait- 
ing for a smooth time” pulls back the elevator column 
to increase the angle of incidence of his wings to about 
15 deg., or a trim of boat of about 12 deg., to lift him- 
self into the air. A feature of the NC hull is the 
ability to be pulled back in this manner and to keep on 
the water without “porpoising” until adequate speed is 
reached. Once in the air, it is necessary to stay there 
and not bounce back on the sea, subjecting the boat to 
abnormal shocks. Due to the pointed form of stern, when 
the pilot pulls up his elevators the point of the stern is 
pressed down into the water, thus increasing the trim. 


Tue NC Hotta Typicat AMERICAN CONSTRUCTION 


The NC hull construction is peculiar to American 
Naval practice from the use of a longitudinal framing 
system developed from experience with pontoons for sea- 
planes. The boat is divided into watertight compart- 
ments by transverse strength bulkheads of two-ply plank- 
ing riveted together over a layer of cotton fabric set in 
marine glue. This construction had been found to be 
light, strong and to retain watertightness even when dis- 
torted or strained due to the peculiar property of the 
marine glue of remaining soft and sticky. Such plank- 
ing is our practice for bulkheads, inner and outer skins 
of boat hulls and wherever watertightness is desired. 

The object of the glue and fabric is to provide a water- 
proof film that will remain permanently flexible and 
sticky and at the same time seal up the holes made in 
the planking when the two layers are fastened together 
with innumerable brass or copper tacks. It was found 
soon after hostilities began that the type of marine glue 
which had previously been used for this purpose was al- 
most unobtainable, since it was all made abroad. The 
American production of this product was necessary and 
the Bureau of Construction and Repair established cer- 
tain standards or requirements which have been suc- 
cessfully met by American manufacturers. The require- 
ments of a satisfactory glue are many; for instance, it 
should be of a non-drying nature and must remain per- 
fectly soft, flexible and sticky. If it contains too large 





a quantity of volatile solvent rapid drying will be effected 
and hardening of the glue will result, with consequent 
separation of the layer of planking. It must also be 
resistant to salt water and must not foam up and exude 
between the plies when subjected to long-time immersion. 
After the glue is applied a short time is allowed before 
the hull is painted. The varnish and enamel is then 
applied. Marine glues are usually composed of a mineral 
gum, shellac, pine tar, cellulose lacquer or rubber dis- 
solved in the necessary solvents to the consistency of 
molasses. 

The tail in the NC is unique and resembles no other 
flying machine or animal. The tail surfaces are made up 
as a biplane which resembles in general appearance and 
size the usual airplane. Indeed, this tail of over 500-sq. 
ft. area is twice as large as the single-seater fighting 
airplanes used by the Army. This tail structure is sup- 
ported by three hollow spruce booms braced by steel cable 
in such a way as to remain clear of all breaking seas 
and to permit a machine gun to be fired straight aft 
from the stern compartment without interference. The 
method of support is a radical change from former Amer- 
ican and foreign practice but has resulted in several ad- 
vantages besides an important saving in weight. 

The tail surfaces were proportioned after extensive 
wind-tunnel tests at the Washington Navy Yard and the 
area and settings adjusted to give correct flying balance 
and inherent longitudinal stability. The horizontal sta- 
bilizers are inclined 1 deg. to the chord of the wings. 
This angle has been found on trial to give a very easy 
balance, and running along at normal speed the boat 
practically flys herself in good air, requiring no work by 
the pilot. Naturally, in bumpy air the pilot has some- 
thing to do, but due to the great inertia, bumps which 
would toss an ordinary machine about are barely felt. 
The boat is inherently stable to such a degree that if 
disturbed from normal flying attitude by any cause it 
will return to it without the intervention of the pilot. 
At the same time the controls are powerful enough to 
overcome the inherent stability so that the pilot is able 
to handle the boat in the usual manner. Naturally, in a 
boat of such size, quick maneuvering is not possible, and 
for this reason the usual factors of safety were cut down 
in a most radical manner. The results have justified the 
conclusions arrived at as to factors of safety based on 
purely theoretical considerations. 

To insure easy operation, each control surface was 
carefully balanced in accordance with experiments made 
in the wind tunnel on a model of it. The operating 
cables were run through ball bearing pulleys and all 
avoidable friction eliminated. Finally, the entire craft 
was balanced so that the center of gravity of all weights 
came at the resultant center of lift of all lifting surfaces. 
There is provision, however, for an assistant to the pilot 
to relieve him in rough air if he becomes fatigued or 
wishes to leave his post to move about the boat. The 
matter of providing a servo-motor was at first thought 
worth going into, but on trials the controls were found 
to be so easy as to make it unnecessary to provide for 
power operation. A British type of servo-motor had, 
however, been imported and fifty units made and issued’ 
to the service for trial. Some of the twin-engine boats 
have been found heavier on controls than the NC and 
good results have been had using servo-motors on them. 

The standard Navy practice is to design tail surfaces 
for a load of 20 lb. per sq. ft., but on the NC the hori- 
zontal stabilizer is designed to fail under a load of 13.5 
Ib. per sq ft. The vertical fins are designed for 7 lb. 
per sq. ft. load and the rudders and movable surfaces for 
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10 lb. The main wing girder when loaded to 28,000 lb., 
the maximum permissible overload for start of the trans- 
atlantic flight, has a general factor of safety of 3, as 
against 6 for ordinary seaplanes and 8 to 12 for pursuit 
land types. No evidence of structural weakness has de- 
veloped so far, but of course in designing for such low 
factors of safety the greatest care has been taken in the 
selection of material and the structural calculations. 
Tue Use or Spruce Parts 

In the last few years we have learned considerable 
about the mechanical properties of spruce and now use 
it with confidence where before we employed it only after 
prayerful consideration and the allowance of a very lib- 
eral factor of safety. In the NC spruce was used wher- 
ever possible for tail booms, wing spars, ribs, struts and 
internal hull work and wherever bending was unneces- 
sary. 

The knowledge of the mechanical properties of spruce 
which we now have and which enables us to use straight 
engineering calculations, is due principally to three 
things: First, the research data of the Forest Products 
Laboratory ; second, the experience of our own inspectors 
and builders in selecting sound and uniform timber; and 
third, the knowledge gained by experience which enables 
us to employ the wood in laminated and spliced form. 

In the study of the effect of moisture content of wood 
it was found necessary to season it artificially in a dry 
kiln and to run the seasoning process as carefully as the 
heat treatment of steel. The wood when seasoned should 
be sealed up at once by varnish to prevent warping and 
checking. In our usual quantity manufacturing method, 
wood parts cannot be used at once and must be kept in 
stock a rather indefinite period before they are wanted 
in the assembly operation. It is not practicable to var- 
nish many parts before assembly, especially where glue 
is to be used. A solution of the difficulty was found 
at the Naval Aircraft Factory, where humidity control 
of the air of the entire plant was incorporated in the 
heating and ventilating system. Such a system has been 
used in cotton mills but is believed to be new in a wood- 
working or aircraft factory. The results have been most 
successful and fully justified the additional outlay. Wood 
parts cut to fit can be stored in the shop for a consider- 


able period of time and when finally assembled go to- 
gether perfectly. 
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A SIDE VIEW OF THE NC-4 


Outriggers and tail, the balanced aileron or upper wing and the 
tunnel under rear propeller for access to the engines in flight 
are shown 


The work of the Forest Products Laboratory has swept 
away the mystery which formerly surrounded attempts 
to use wood as a material of engineering construction. 
The relation between the density, moisture content and 
strength of the wood is now understood. The usual 
defects such as pin knots, spiral grain, etc., have been 
analyzed and their effects taken account of in establish- 
ing tolerance tables for any given design of plane. Natu- 
rally, for the NC where the factor of safety had been 
reduced to a minimum it was necessary to use absolutely 
clear, straight stock of correct density. To insure fault- 
less material it is much easier to use laminated and 
spliced work where more thorough inspection of each 
part can be given. 

The wings are of a curvature known from experience 
to be efficient, designated as R. A. F. 6, and carry a load 
of 11.7 lb. per sq. ft. in the air, but the structural weight 
is only 1.2 lb. per sq. ft. The total area is 2380 sq. ft. 
Wings of this size could not be constructed by the usual 
methods and materials without exceeding this figure con- 
siderably and a great amount of research and experiment 
has been necessary to determine the best disposition of 
material to adopt. 


The main wing spars are hollow spruce boxes. Each 
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rib is a truss designed like a bridge consisting of con- 
tinuous cap strips of spruce, corresponding to the upper 
and lower chords of a bridge truss, tied together by an 
internal web system of vertical or diagonal pieces of 
spruce. The ribs are 12 ft. long but only weigh 26 oz. 
each. On test these ribs were required to carry a proof 
load of 450 lb. of sand for 24 hr. without damage. An 
interesting detail of the wing construction is the hinged 
leading edge which encloses the control cables to the 
ailerons or wing flaps. This eliminates the air resistance 
of these cables, but at the same time they are accessible 
for inspection by merely swinging up the leading edge 
on its hinges. The wings are arranged as a biplane with 
the necessary struts and wires to give girder strength. 
For lightness the struts are made up as a spruce box, but 
to decrease resistance this square portion is enclosed in 
a fish-shaped fairing or “stream line’ of stiff fiber. To 
reduce any tendency of the struts to bow under load, the 
middle points are connected with a steel cable. The diag- 
onal bracing between wings is by steel cables in pairs. 
These cables are arranged to lie one behind the other 
with a spruce batten between to reduce air resistance. 

The metal fittings where struts and wires are fastened 
to the wings presented a serious problem. The forces to 
be taken care of were so large that it was necessary to 
abandon the usual methods of the airplane builder and 
adopt those of the bridge designer. All forces acting at 
a joint pass through a common center. In this case, as 
in a pin bridge, the forces are all applied to a large 
hollow bolt at the center of the wing beam. In the 
design of the metal fittings to reduce the amount of 
metal needed, it was decided to employ a special alloy 
steel of 150,000 lb. per sq. in. tensile strength. To in- 
crease bearing areas, bolts and pins are made of large 
diameter but hollow. 


GUARDING AGAINST CORROSION 


The steel work being highly stressed, it is especially 
necessary to protect it against salt water corrosion. The 
development of the present Navy standard practice may 
be of interest at this place. At the start of the war 
aircraft fittings were copper plated and in some instances 
the copper plating was covered by nickel plating. If the 
plating became scratched or abraided, moisture and air 
were admitted and very rapid corrosion would ensue, the 
iron being electro-positive to the copper or nickel and 
thus forming a primary battery. 

Recognizing the fact that zinc is a metal that is 
strongly electro-positive to iron, the Bureau decided to 
eliminate copper and nickel plating and to use in place 
thereof galvanized coatings produced either by the hot 
dip, electro-galvanizing or sherardizing processes. Metal 
thus treated, even when abraided, is protected from cor- 
rosion because of the strong electro-positive nature of the 
zinc, which has a high protective influence upon any ad- 
jacent areas of steel that may be uncoated or abraided. 
Since the hot dip process operates at a high temperature, 
approximately 375 to 475 deg. cent., it might injuriously 
affect certain types of heat-treated steel alloys and the 
electro-galvanizing method is used wherever possible and 
is required for all alloy steels. Through the assistance 
of the Bureau of Standards a plating expert was ob- 
tained and sent to the different factories to install this 
process. After the parts are galvanized they are then 
coated with naval gray enamel, which is either air dried 
or baked on. It has been found that the enamel adheres 
well over the electro-galvanized part and a fitting is ob- 
tained which has given excellent results on exposure to 
salt water for a long period of time. This is considered 


a development of great importance since so much trouble 
has heretofore been had with improperly coated metal 
fittings. 

Aluminum is used to a considerable extent in the con- 
struction of aircraft instruments and it has been found 
that rather rapid corrosion of the aluminum may ensue 
when exposed along the seacoast. For this reason alumi- 
num instruments have been coated usually with spar var- 
nish, or naval gray enamel. The results obtained have 
been very good and it is probable that coatings of this 
type will be used in the construction of certain parts of 
the aluminum strength members of rigid airships. The 
Bureau has under way a series of exposure tests at dif- 
ferent points along the coast to determine the resistance 
of various aluminum alloy sheets to corrosion. There 
has been recently developed in this country at the re- 
quest of this Bureau aluminum alloys which are of them- 
selves highly resistant to atmospheric influences regard- 
less of any coatings. 

Various types of soldering flux and paste have been 
used in different aircraft contractors’ plants. The larg- 
est use for these has been in the soldering of splice ter- 
minals on wire cables. It has been found that whenever 
certain of these soldering compounds are used, rapid 
corrosion of the cable occurs, as the compounds contain 
acid ingredients which work down into the strands. Ex- 
amination of a great many samples of different types of 
soldering compound show in practically every instance a 
very large proportion, from 20 to 80 per cent, of zinc 
chloride, sometimes admixed with ammonium chloride or 
mineral oil. The purpose of the zinc chloride is to have 
present a material that would hydrolize to an acid reac- 
tion which would cleanse the surface of the metal by 
dissolving the oxides and make a good soldering surface. 

It has been found that the use of such compounds can 
be done away with entirely, and one cause of corrosion 
eliminated by the use of a soldering flux free from min- 
eral acid. The flux consists of rosin with an organic 
acid compound such as stearic acid, these two ingredients 
being melted together in equal quantities by weight. 
This material has practically no solvent effect upon 
metal but cleanses the surface sufficiently from the oxide 
to present a good soldering joint. Some slight difficul- 
ties were at first had with contractors who endeavored 
to make up their own soldering compound to the above 
formula, reports being to the effect that they did not get 
sufficient cutting effect with the compound. These in- 
stances, however, showed that they had purchased 
stearine in place of stearic acid. Stearine, as is well 
known, is a glycerine ester of stearic acid and has no acid 
value, being neutral. Stearic acid, on the other hand, 
has a high acid value of 200, and when used with rosin 
forms a soldering flux that gives very satisfactory re- 
sults. 


PROTECTING THE WOODEN AND Fapsric Parts 


Besides protecting the metal parts, it is necessary to 
protect the wooden members and their glue joints. Ordi- 
nary paint is fairly satisfactory but too heavy. The 
common varnishes and shellacs are not watertight 
enough. Through the early efforts of the Bureau co- 
operative work was done to develop a type of spar var- 
nish that would give satisfactory results upon hulls, 
wooden parts and wing surfaces of Naval aircraft. After 
this varnish had been developed and specifications issued, 
manufacturers soon learned the method of producing ‘it 
and within a short period of time it was found on the 
market in great quantities and at a reasonable price. 
The base of the varnish is tung oil. This varnish has 
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been found highly resistant to water and has been used 
with most satisfactory results. At the same time there 
was developed a naval gray anti-actinic enamel, using 
as its base the same varnish previously referred to 
ground with certain pigments to produce the desired 
color and light stopping property. 

The protection of the fabric wing covering becomes 
of added importance on the NC boats on account of the 
great area involved and the expense and difficulty of re- 
newal. At one time, wings had to be recovered very 
frequently, but with the present Navy standard doping 
practice, the fabric stands up under favorable condi- 
tions from 6 months to a year. 

To cover the NC surfaces about 6000 sq. ft. of fabric 
has to be treated requiring over 200 gal. of dope. There 
are two types of dope in use at present by the Navy De- 
partment. These are known as cellulose nitrate and 
cellulose acetate dopes. The latter is produced from cot- 
ton treated with acetic anhydride and acetic acid, while 
the other is made in a manner similar to the production 
of gun cotton through the use of cotton treated with 
nitric and sulphuric acids. The acetyl or the nitrate 
group,is taken up by the cellulose to make a new com- 
pound which is soluble in certain solvents. The treated 
cotton is then dissolved in solvents such as methyl, amy], 
propyl, butyl or ethyl alcohol, acetone, etc., subsequently 
adding other non-solvent thinners such as benzol, al- 
cohol or benzene. Different kinds of softeners and fire- 
resisting salts are then added to the dopes. These are 
usually high-boiling, slow-evaporating liquids. Diacetone 
alcohol is a representative of this class. Triphynyl phos- 
phate is used for its fireproofing value. A small quantity 
of urea is sometimes used to prevent the acidity which 
may be caused over periods of storage. 

The present Navy practice in doping fabric is to apply 
first two coats of acetate dope because of its higher fire- 
resisting value and because of the fact that the acetyl 
radical present is ordinarily not injurious to fabric. 
There is then applied three coats of cellulose nitrate 
dope. A very taut surface is obtained. Naval gray 
enamel is then applied in one or two coats according. to 
the wing surface to be treated. With this practice no 
difficulty has been experienced with scaling or cracking 
of the wing enamel. On the other hand, when five straight 
coats of acetate dope are used very serious scaling and 
cracking of the subsequently applied enamel will take 
place. The cellulose nitrate dope, moreover, is very much 
cheaper than the acetate dope, is readily “available, has 
greater covering properties and gives greater tautness 
to the fabric. 

The use of the wing enamel referred to has been a 
curious development which dates back to the examina- 
tion of rudders on some planes that were in use in Flor- 
ida several years ago. The fabric was found to be rotted 
in several places but in perfect condition where covered 
with the naval aircraft insignia paint. This indicated 
the value of the paint in shutting out the actinic rays of 


the sun. From that time on the Navy has used an anti- . 


actinic wing enamel. 

Extensive tests have been made by the Bureau on the 
use of so-called fireproof dopes which consist usually of 
cellulose nitrate in which there have been distributed 
fireproofing ingredients such as di-ammonium phosphate, 
calcium, magnesium and zinc chlorides and also tri- 
cresyl phosphate in various combinations. Good results 
were obtained with di-ammonium phosphate. 

New types of dope have appeared in recent years under 
the name of pigmented dopes, first used by the British. 
These consist usually of highly plasticized nitrate dope 


in which pigments and softening materials are dis- 
tributed and are used in place of varnish. The wearing 
value and fire-resisting properties, however, are not as 
high as the naval gray enamel now in use by us. 

Considerable work has been done by representatives 
of the Bureau in factory control of conditions at con- 
tractors’ plants. This work covered the heating arrange- 
ments, removal of evaporated solvents, control of hu- 
midity conditions, design of fabric covering rooms, 
methods of dope application and factory control in op- 
eration, studies of ventilation and hygiene. The latter is 
a matter of some importance as cases of so-called dope 
poisoning have in some instances been observed, gener- 
ally in the form of eruptions on the arms of the workmen 
or the development of greatly swollen hands. By the 
elimination of all highly poisonous dope solvents such as 
tetra-chlora-ethane and the installation of suitable venti- 
lation systems much of this trouble has been obviated. 
Through the development of emollients the hands and 
skin of the workmen have been protected from trouble- 
some effects. 


GLUE FOR LAMINATED CONSTRUCTION 


The very extensive use of laminated construction for 
wooden parts of the NC and other Naval seaplanes is 
dependent upon the establishment of a correct glue 
practice. In the NC a good deal of hide glue had to be 
used because, while it was realized that such glue is not 
waterproof unless protected by varnish, developments 
in the use of casein and other waterproof glues had not 
proceeded far enough to render their use safe and de- 
pendable. Since the NC’s were started, considerable 
progress has been made, and the present practice is to 
use waterproof casein glue throughout. 

The British and German aircraft builders have used 
a type of casein glue composed usually of casein, slaked 
lime, caustic soda, sodium fluoride and paraffin oil, the 
three latter ingredients being used in small percentage. 
Contemporaneously American aircraft plants have been 
experimenting with types of casein glue for plywood 
construction produced in this country. The Bureau gave 
encovragement to experiments along this line and took 
up with the Forests Products Laboratory and the manu- 
facturers the subject of the utilization of casein glue 
for strength parts of airplane construction. Through 
some intensive work, these glues were soon developed to 
such an extent that three were placed on the market by 
individual manufacturers in a form ready for use. These 
products were all thoroughly tested by the Forest Pro- 
ducts Laboratory and found to give results which indi- 
cated their superiority over hide glue. The art of em- 
ploying these glues in aircraft construction was developed 
with great rapidity. One of the prime requisites was the 
use of a power mixer for the thorough incorporation of 
the glue with the aqueous medium. The uniformly high 
strength of joints made with this glue soon indicated 
the value of using it almost exclusively in place of hide 
glue and instructions along this line were sent to all 
naval contractors together with information in regard 
to using this new type of cold glue. At the same time 
through arrangements made with the Forest Products 
Laboratory, men were trained and sent to the various 
plants to install the process and put it on a working 
basis. 

At first some difficulty was had with laminated con- 
struction where many laminations required a large quan- 
tity of glue and necessarily a large quantity of water. This 
water would pass into the wood and retard the hardening 
of the glue. Later on it was found that when these 
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pieces were dried in a warm room or in a dry kiln in the 
same manner as wood having too high a moisture con- 
tent, the excess water would evaporate and an excellent 
joint resulted. 

Specifications were issued for plywood constructed 
with blood albumen glue, this type of plywood being ex- 
tensively used for hull sides and tops. It was found that 
panels made with blood albumen glue gave much greater 
strength if tested immediately after long-time soaking 
than panels made with casein glue. For this reason the 
blood albumen glue is preferred for the construction of 
pontoons and hulls which are exposed directly to the ac- 
tion of salt water. The tops of some of the NC hulls 
are covered with blood albumen veneer and others with the 
usual two-ply spruce planking riveted over fabric set in 
marine glue. The latter practice is somewhat heavier 
and more expensive but has greater life in service due 
to local stiffness, elasticity and ample fastening. 

The power plant arrangement was originally designed 
to employ three Liberty engines mounted between the 
wings in a symmetrical manner and driving three trac- 
tor propellers. The radiators were mounted in front of 
the engines in the slip-stream of the propellers so that a 
good current of air would blow through the radiator 
when running at a low speed on the surface of the water. 
The slip-stream was also used to drive the small wind- 
mills which pump gasoline from the main tanks in the 
hull to the gravity tank in the upper wing. In a similar 
manner, a small windmill-driven generator in the slip- 
stream furnishes current for the radio and for charging 
the storage battery for the electric self-starters. 

A feature that is new in this boat is the use of welded 
aluminum tanks for gasoline. There are nine 200-gal. 
tanks made of sheet aluminum with welded seams. Each 
tank weighs but 70 lb., or 0.35 lb. per gal. of contents, 
about one-half the weight of the usual sheet steel or 
copper tank. 


How tue NC Boats Were BulILt 


The plant of the Curtiss Engineering Corporation at 
Garden City, N. Y., was of insufficient size for the build- 
ing of flying boats of the dimensions of the NC-l It 
was, accordingly, necessary for the Navy Department 
to authorize the building, at its own expense, of a build- 
ing attached to this plant of sufficient size for the com- 
plete assembly of two of these flying boats at one time. 
In addition, the ordinary facilities of the Curtiss com- 
pany were such that it was certain that the attempt of 
that organization to carry out in complete detail the 
entire construction of these flying boats would be pro- 
ductive of most serious delays in completion. It was 
decided to build them on the assembly basis; that is to 
say, the various elements would be built by different plants 
turning out a product of a somewhat similar nature, or 
one requiring workmen of similar qualifications to those 
ordinarily employed for work of the nature of that in 
contemplation. These different elements would then be 
shipped to Garden City to be assembled there into the 
completed flying boats. As a result of this decision, 
different parts were built at the following places: 


Boat hulls—Curtiss Engineering Corporation, Gar- 
den City, N. Y.; Lawley & Sons Boat Co., Boston, 
Mass.; Herreshoff Co., Bristol, R. I. 

Tail booms—Pigeon-Fraser Hollow Spar Co., Boston, 
Mass. 

Gasoline tanks—Aluminum Company of America, 
Pittsburgh, Pa. 

Wings, control surfaces and struts—Locke Body Co., 
New York City. 
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Nacelles, major details, gasoline system and all wir- 
ing—Curtiss Engineering Corporation, Garden City, 
ee 

Metal fittings—Unger Bros, Newark, N. J.; Beaver 
Machine Co., Newark, N. J.; Brewster Body Co., New 
York City. 

Wing tip floats—Albany Boat Co., Albany, N. Y.; 
Naval Aircraft Factory, Philadelphia, Pa. 

Liberty engines—Packard Motor Car Co., Detroit, 
Mich.; Ford Motor Car Co., Detroit, Mich. 





There was also not available at any operating station 
hangars of sufficient size for housing these flying boats. 
Construction was arranged for by the Navy Department 
at the Rockaway Beach Naval Air Station of a building 
of sufficient size for housing two of these boats. Due to 
their very large size, special handling arrangements of 
the marine railway type for getting them into and out 
of the water were necessary and were provided. Rock- 
away Beach was chosen for the location of the hangar 
and handling arrangements on account of its nearness to 
the Curtiss Engineering Corporation plant and of its ex- 
cellent location for carrying out the flying tests which 
would be necessary. 

The use of a marine railway for getting the boats in 
and out of the water is new for aircraft and has been 
found to permit the handling of these large and heavy 
boats with fewer men and with less risks of damage and 
loss of time than the conventional handling truck on 
rollers that is man-handled down an inclined concrete 
runway leading into the water. The boat in its hangar 
rests on cradles fitting the bottom and provided with 
four caster wheels. On this truck the boat is pulled out 
of the hangar to the marine railway by an ordinary agri- 
cultural tractor. The entire load including the truck is 
then shoved on the car of the marine railway and se- 
cured to it. The marine railway car has flanged wheels 
running on rails extending out into deep water. It is 
lowered away until the boat is waterborne and floats off 
the car. The marine railway car is then submerged 
with the handling truck and cradle secured to it ready 
to receive the boat on its return. Simple and positive 
means are provided for centering the boat when it is 
again floated in place over the cradles, and when it is 
secured in place the tractor runs it out. The whole 
operation takes only a handful of men and a few minutes 
time. , 

The first of these flying boats was completed and 
flown Oct. 4, 1918, or approximately 1 yr. from the com- 
mencement of the design. The trials were a source of 
great satisfaction as it was soon demonstrated that the 
control and balance in the air were very satisfactory and 
in accordance with the prediction of the wind-tunnel 
tests and that the performance on the water was all that 
could be desired and entirely justified the confidence 
placed in the model tests in the towing basin. No struc- 
tural weakness developed and the speed came out as 
predicted. In short, this flying boat designed from 
theoretical and model experimental data, combined with 
the practical experience of a half dozen or more people, 
performed in every way so close to its designed char- 
acteristics as to justify completely the methods of the 
naval architect as here applied in the design of a flying 
machine. 


CHANGES Mabe AFrreR COMPLETION 


As flying tests on the first boat were continued, many 
changes were tried to improve the original design and, 
as these were found advantageous, were incorporated on 
this and on the other three boats building. The Bureau 








of Steam Engineering, at this stage, was able to improve 
the performance of the boat materially by the applica- 
tion of new propellers designed in that Bureau. The 
NC-1 was originally fitted with standard Navy low-com- 
pression Liberty Engines, which were found to be en- 
tirely satisfactory, but during the period that the NC-1 
was being tested with these engines the Bureau of Steam 
Engineering, in its experimental laboratory at the Wash- 
ington Navy Yard, perfected carbureter adjustments on 
the high-compression Liberty Engines which materially 
improved its economy. Since the high-compression engine 
gave greater power than the low-compression type, these 
engines replaced the original installation on the NC-l. 
With the new propellers and engines, the boat got out of 
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The month of November, 1918, was spent in thorough- 
ly trying out the NC-1. Among other flights a round 
trip from Rockaway, N. Y., to Washington, via the en- 
trance to the Chesapeake Bay was made with nine people 
on board. On Nov. 25 the NC-1 broke the world’s record 
for passenger carrying, having on board in the air fifty- 
one persons. One of these was a stowaway, who had 
concealed himself in the interior of the hull for over 
1 hr. prior to the start of the flight and is probably the 
first man deliberately to stow himself away on an air- 
plane to make a voyage. On these flights Naval Con- 
structor Richardson was in charge and was one of the 
pilots. 


After making various minor improvements, it was 


igGoePn Gaeoen Giry. 


NC-3 WITH FINAL Four-ENGINE INSTALLATION MOUNTED ON HANDLING TRUCK ON WAY TO MARINE RAILWAY 
Note vertical posts on truck to assist in centering boat on cradle The drift indicator is shown on the bow. The ladder on side of 
boat is taken in when in flight 


the water and flew easily with a total weight of 24,700 
lb. The designed load was 22,000 lb. Besides providing 
propellers and engines for the boat, the Bureau of Steam 
Engineering supplied a remarkably efficient electric self- 
starter to each engine. This type of self-starter, the 
Bijur, weighed only 35 lb., and by this improvement it 
was possible for the pilot to start any engine without 
leaving his seat. It is believed that this constitutes the 


first application of an electric self-starter to the Liberty 
Engine. 


concluded that the maximum which could be obtained 
from three Liberty Engines had been reached and no 
further improvements in performance could be expected 
until geared Liberty Engines became available. These 
were still in an experimental stage. It was apparent, 
however, that the flying part of the craft could sustain 
a greater load if more power were available, and it was 
accordingly decided to add a fourth engine making a 
total of four Liberty Engines. The second boat com- 
pleted designated as NC-2 was, therefore, fitted with 
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four Liberty Engines arranged as two pairs of tandems 
and on its trials in March, 1919, successfully flew with 
a total weight of 28,000 lb. The addition of the fourth 
engine, which increased the dead weight of the boat by 
about 1500 lb., permitted about 3300 lb. of extra weight 
to be carried, or a net gain of 1800 lb. 

The NC-3 and NC-4 were completed in April, 1919, 
and were likewise fitted with four high-compression 
Liberty Engines but with a somewhat different arrange- 
ment. In these two boats two engines were arranged 
on the center line as a tandem pair with the other two 
engines mounted on the wings as tractors, as were the 
wing engines on the NC-1l. In these boats a further 
change was made. by omitting the center nacelle and 
placing the pilots in a cockpit in the hull. This arrange- 
ment of engines is novel and has the advantage of con- 
centrating weights near the center of the boat so that 
it can be maneuvered more easily in the air. 

Due to injury to two outer wing sections while at 
anchor in a gale late in March, the NC-1 was temporarily 
put out of commission. After the completion of 
weight lifting trials on the NC-2, the outer wing sections 
of that boat were transferred to the NC-1 as no spare 
wings were available. Except for this regrettable in- 
jury, all four of these boats would have been able to 
leave Rockaway Beach together for the transatlantic 
flight. 

SpectAL EQUIPMENT FOR TRANSATLANTIC FLIGHT 


The equipment of the boats for the transatlantic flight 
differs somewhat from the installation designed for anti- 
submarine patrol work. Bombs and bomb racks, bomb 
sights and release gear were omitted. The machine gun 
and gunner’s position in an egg on the top plane were 
taken off as well as the gun installation in the bow and 
stern of the hull. The radio consisted of apparatus for 
sending both in the air and on the water besides the 
radio telephone and direction-finding outfit. 

The powerplant equipment, consisted of the usual 
thermometers, pressure gages, tachometers, gasoline 
gages, etc., and for four engines amounted to a very 
complicated installation to be brought into the boat. Each 
engine has independent throttle controls and self-starter 
all brought together at the pilot’s seat so that he has 
complete control of any and all engines at all times. 

The equipment for navigating consisted of a bubble 
sextant, compass and a drift calculator which was im- 
provised from the ground speed bar of Col. Crocco’s 
ground speed indicator as used on Italian airships. This 
instrument was made up by the Naval Gun Factory from 
data supplied by Col. Crocco. Special slide rules and 
tables were prepared to shorten navigational calcula- 
tions. 

With boats as large as the NC’s, the pilots no longer 
control the machine by the feel of it but must be pro- 
vided with instruments to indicate at any instant just 
what the attitude is. The inertia is so great that the 
pilot cannot wait until a disturbance from normal flying 
condition becomes pronounced. What he wants is ad- 
vance information so that he can check a tendency be- 
fore it develops. 

The most important instrument is the air speed indi- 
cator, as he must know whether he has flying speed and 
also whether he is flying at economical speed. During 
the war, various types of air speed meters were tried. 
Most consisted of the usual pitot tube connected with a 
sensitive pressure gage. For ordinary speeds, especially 
the low speeds when leaving the water or landing, the 
pitot tube gives a very low pressure to be measured. 
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Consequently, an exceedingly delicate pressure gage is 
needed. Our experience with such gages was not very 
satisfactory. No reliable and useful speed indicator was 
available until the Zahm type of venturi nozzle was devel- 
oped in the Bureau. This merely replaces the pitot tube 
by a venturi tube. The latter for a given air speed gives 
several times the pressure of a pitot tube and requires 
only a cheap and rugged pressure gage. It had been 
found that flying through rain and spray water gets 
into leads and makes the speed readings false. In Dr. 
Zahm’s instrument provision is made to keep it spray- 
proof. 

Beside his air speed the pilot wishes to know the in- 
clination or trim of the hull. For this a lateral and 
longitudinal inclinometer is provided. These are of the 
usual type, consisting of a bent glass tube filled with 
colored liquid. The only improvement added by us was 
the use of fluorescene in the liquid and the addition of a 
small electric light inside the instrument in such a man- 
ner as to be invisible to the pilot yet to cause the liquid 
to glow with a pale green light. For night flying the 
pilot should not have a bright light in his eyes. 

To give warning of the start of a turn, the compass 
is not sufficiently sensitive and several forms of turn 
indicator have been used. A British type which is useful 
consists of two pitot tubes, one mounted on each wing 
tip, connected differentially with a pressure gage which 
registers the difference between the pressures generated 
by the two pitots. The NC’s for the transatlantic flight 
were equipped with a Sperry gyroscope which tumbles at 
the start of a turn and gives early warning. 

The boat has interior telephones for communication 
as well as speaking tubes. The latter are rather difficult 
to use when all four engines are going on account of the 
noise, but a special sound-proof helmet was designed 
which effectively cuts out external noises. The feature 
of this helmet is the use of a pad of sponge rubber to 
deaden external noises surrounding a metallic ear 
trumpet to magnify the sounds transmitted through the 
speaking tube. It has been found practicable to con- 
verse through a '4-in. internal-diameter tube with the 
engines running. 

Other equipment consists of sea-anchor, emergency 
rations and thermos flasks, special clothing, fire extin- 
guishers, running lights, signal lamp and interior light- 
ing arrangements. 

A hand operated pump is provided to drain the bilges 
of water and a careful arrangement of ventilators 
flushes out any gasoline fumes which may accumulate in 
the hull. 

A small supply of spare parts and tools for emergency 
repairs in flight is carried and proved its usefulness on 
the NC-4 enroute from Halifax to Trepassey Bay. Her 
engineer, Moore, noted that the gravity tank was leaking 
gasoline around some rivet heads after the flight had 
been under way for some time. This tank is located in 
the upper wing, immediately over the central pair of 
engines. He left his position in the stern of the boat, 
crawled along the top side and under the guard of the 
rear propeller and climbed up on top of the center engines 
and while going through the air at 80 miles per hr. 
stopped the tank leaks. To permit such a passage a sheet 
aluminum tunnel had been installed on top of the boat 
under the after propeller which prevents a man’s clothes 
being drawn into the blades. 


CALCULATIONS OF PERFORMANCE 


In designing the NC, it was at once clear that the cost 
would necessarily be very high for the first units not 
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only on account of their unprecedented size but because 
of the great amount of experimental work necessary. 
Naturally, if the boats were a failure in performance 
the funds spent could hardly be justified. Very careful 
calculations of the relations between speed, power, re- 
sistance and endurance were made. I am very happy to 
say the performance actually realized on trials checked 
the calculations very closely. In fact, the precision of 
the measurements of speed, power and fuel consumption 
on the trials was such that we do not know whether the 
calculated or the measured values are nearer the truth. 
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The economical cruising velocities in still air are those 
velocities which correspond to the maximum ration of the 
gross load to the total drag of the machine, assuming 
that the propellers will give their maximum efficiency 
and the engines will be so operated as to give their mini- 
mum fuel consumption per brake horsepower delivered at 
the velocities corresponding to this angle as the gross 
load decreases due to fuel consumed. 

The brake horsepower used in computing the cruising 
range curves was determined by dividing the horsepower 
required at the economical velocities for the various 
gross loads by the propeller efficiencies at these veloci- 











HORSEPOWER REQUIRED AND VELOCITY CURVE ties. The area under the curve between an abscissa 
Curves are calculated and the three points (x) are taken from which represents the gross load less gasoline and the 
actual test data on NC-2 trials at 28,000-lb. load gross load abscissa gives the maximum cruising range in 


nautical miles in still air. The cruising range is limited 
- ah by the maximum load which can be sustained in the air. 
The performance was calculated from a determination Assuming that. the fuel consumption of the engines in 
of the total drag of the machine at various angles of ' 
incidence and speeds, corresponding to different gross 
loads. In arriving at values of the drag for the various 
speeds, the angle of incidence of the wings was the 
determining factor. This angle of incidence was de- 
termined by the different gross loads which would ob- 
tain as the weight dropped off as fuel was consumed. 
From these drag calculations curves were drawn of 
horsepower required plotted against velocity. The curves 
for various gross loads of the machine are given. Since 
for the transatlantic flight it was intended to fly these 
machines at their economical velocities to obtain the 
maximum possible cruising range, special propellers to 
give maximum efficiency over this speed range were 
constructed. The curve of propeller efficiency is repro- 
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flight will vary as the consumption on the block test in 
the laboratory, when the maximum gross load at which 
the machine will get into the air in sustained flight is 
determined for three and for four engines, the maximum 
cruising range can be determined for either installation. 
The area under the three-engine curve* between the 
16,340 and 17,670 lb. ordinates represents the increase 
in range due the weight saved on the fourth engine in- 
stallation and the weight of oil to be consumed by it, 
provided three engines could get the same load into the 
air as four engines do. The block test curves show that 
below a gross load of 23,500 lb., the maximum range 
for three engines is increased in addition by the area 
added due to the steeper slope of the three-engine curve. 
However, a larger gross load can be lifted into the air 
with four engines than with three and the added re- 
liability of the machine due to the fourth engine must 
be taken into consideration. The block test data appeared 
rather optimistic and showed a very low average con- 
sumption. It was decided, therefore, to put a blanket 
factor upon all average block tests and use a straight 
fuel consumption in flight of 0.5 lb. per b. hp. per hr. for 
both three and four engine installations. 


This neglects the loss in propeller efficiency of the 
tandem pusher in the four-engine installation, which 
was within the precision of the blanket fuel consumption 
figure assumed and the probable error due to the failure 
of an engine. The worst failure that might occur would 
be that of the center tractor, since then the center pusher 
propeller due to the absence of the slip-stream of the 
tractor propeller would be running in an air stream of 
a greatly decreased velocity from that for which it was 
designed. The failure of either outboard tractor would 
give a yawing moment due to the unbalanced thrust 
and the drag would also be added to it by the drag 
component of the rudders he!d over to keep the machine 
on its course in addition to the drag of the dead propel- 
ler. The “ideal” failure would be, if a failure must 
occur, the center pusher engine since it would not affect 
the steering qualities of the machine. As a matter ‘of 
fact, the corkscrew rotation of a pusher slip-stream not 
being straightened by any body behind it, causes, in 
yawing to one side, the middle rudder to ride at a rela- 
tive angle of incidence and gives a yawing force on the 
machine. This yawing force must be counteracted by 
a steady force on the rudder bar. In addition, as a 
driving unit, the pusher engine due to a lower propeller 
efficiency is the one that can best be spared. Using a 
blanket fuel consumption narrows the problem to that 
of being able, leaving out of consideration the damage 
which might be caused by the tips of the propellers fail- 
ing while cutting through green water or to the hull or 
wings in taking off, to get into the air using four en- 
gines with a gross load which will give under the 0.5 lb. 
per b. hp. per hr. curve a greater area between this 
maximum load and that which can be lifted by three en- 
gines than that area under the curve as represented by 
the ordinates 16,340 and the 17,660 lb. corresponding to 
the weights of the two different powerplant arrange- 
ments. 


The following figures based on 0.5 lb. per b. hp. per hr. 
show a comparison of the maximum cruising range with 
four engines and with three. 


Maximum Range, 

initial load, nautical 

Engines lb. miles 
4 28,000 1,420 

3 25,000 1,320 
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Tests aT Rockaway 

Accordingly, tests were made at Rockaway to de- 
termine whether three or four engines should be used 
in the transatlantic flight. The NC-3, although four en- 
gines were installed, was loaded to 26,000 lb. The center 
tractor propeller was taken off and a proper pusher 
propeller put on the pusher engine. The machine failed 
to get off. However, with the four-engine installation 
operating, loaded to 28,000 lb., it got off. With this 
heavy wing loading, 11.8 lb. per sq. ft., the machine was 
handled satisfactorily in the air; therefore, aside from 
the added reliability, the four-engine installation showed 
the better cruising range and was adopted. The points 
spotted in on the 28,000-lb. horsepower-required curve 
reproduced represent actual test data from runs made 
April 12 and 14 at Rockaway on the NC-2 with the four- 
engine, two-wing tandem, installation. 

Curves were supplied to the pilots to show at what 
velocities the machine should be flown to obtain the 
maximum cruising range under operating conditions. 
As the load goes off due to fuel consumed, the economical 
velocity of the machine must change to keep the machine 
at its maximum load-drag ratio which is a constant for 
a given machine. The angle of incidence of the wings is 
8 deg. for the NC. This velocity and consequently the 
corresponding angle is not the same for operating con- 
ditions when there is a wind component along the course 
as it is in still air. These curves which are reproduced 
show fuel consumption plotted against velocity, the six 
curves covering flying loads of from 28,000 down to 
16,000 lb. To obtain the economical velocities: 


(1) Still air—From zero velocity draw a tangent to 
the load curve at which the machine is flying. The point 
of tangency gives on the horizontal velocity scale the 
economical velocity of the machine 

(2) Tail wind—From the velocity of the tail wind 
as read on the horizontal scale to the left of zero a 
tangent to the load curve will give the economical ve- 
locity, flying with that particular tail wind 

(3) Head wind—From the velocity of the head wind 
as read on the horizontal scale, to the right of zero, 
in the same direction as the velocities of the machine 
a tangent to the load curve will give the economical 
velocity with that particular head wind 


In the transatlantic flight the component of the sur- 
face wind along the path was communicated to the ma- 
chines by the destroyers stationed along the path. This 
surface wind would give a good indication of what 
might be expected at the height at which the machines 
were flying. 

Actual test data on the machines gave results which, 
within the limits of experimental error in reducing these 
results to the propeller efficiency condition required, were 
a check upon the calculated data. Therefore, the ac- 
curacy of the curves for their purpose in predicting the 
performance of the machines was verified. 

The weights used in calculating the maximum cruising 
range of the machines for four and for three engines 
were 

FouR ENGINES, 17,660 LB. 


Detailed Lb. 
Ci iG A acd gilt dure aeiaw Valve em ume 4 14,700 
Crew, including flying equipment ............. 1,000 


Radio, telephone and telegraph set, installation 
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THREE ENGINES, 16,340 LB. 





Detailed Lb. 
Subtract from four-engine condition: 

SN. TI dn at 5. uo kilo Hank ussite lands 820 
NY SEN Sonu Gc  geartde ia Uo Wine ow COR De cee clam 45 
bi ee eee ere eee 50 
BE OC Ce a ar 105 
Ce ee es ee ee 60 
RT NON os 6 i: 51css.d Acad 6 60a 5 slate OR louie 35 
MU «alae atne wrakoiacs-3) aie. acste + Gian ea ocom an a eam 200 

MOONS © l6s5 5 600 G8354 655G4e 1,315 


Allowance was not made for the saving in weight due 
to tank weights, since the tanks were in units of 200 gal. 
each and whether one or two tanks could come out would 
depend of course on the amount of fuel that the three- 
engine boat could take off with. 


SPECIFICATION Data 

The NC flying boat weighs when fully loaded 28,000 
lb., and when empty but including radiator water and 
fixed instruments and equipment 15,874 lb. The useful 
load available for crew, supplies and fuel is, therefore, 
12,126 lb., or over 43 per cent. This useful load may be 
put into fuel, explosives, freight, etc., in any proportion 
desired. For an endurance flight there would be a crew 
of five men, 850. lb.; radio and radio telephone, 220 lb.; 
food and water, signal lights, spare parts, and miscel- 
laneous equipment, 524 lb.; oil, 750 lb., and gasoline 
9650 lb. This should suffice for a flight of 1400 sea 
miles. The radio outfit is of sufficient power to com- 
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municate with ships 200 miles away. The radio tele- 
phone would be used to talk to other planes in the forma- 
tion or within 25 miles. 

Weight statements are always of interest to aeronauti- 
cal engineers and I give below an analysis made up from 
the detail weights. 

Weight Distribution 
Lb. Percentage 


Tail surfaces and outriggers..... 1,019 6 3.6 
Wings, struts, wires, fairings..... 4,042 25 14.4 
All tanks, pipes and fittings ..... 892 6 3.2 
Four powerplants complete ...... 4,799 30 17.2 
Installation and foundations ..... 742 5 2.7 


Hull, wing floats, fixed equipment, 





controls, etc. (bare hull 2,800 lb.) 3,740 24 13.4 
Water in radiators and engines... 640 4 2.3 
Li Ss! ee eer 15,874 100 = 
RISGTON BOWE. é.5.4 vcr aeons atiwatenen se 12,126 43.2 

Gross weight ....... ee cata ack dens 28,000 100.0 

Unit Weights 
Lb. per 
sq. ft. 
Wings, including ailerons completely covered, 

WED Oe CS on. v.0's Ku iecwwegieewWeorsveseee tee 1.19 
Wing struts and interplane wires ............. 0.49 
Elevators, complete ready for installation ...... 0.88 
Horizontal stabilizer, complete ................-. 0.96 


Rudders and fins, complete ........c.ce--ecccees 0.91 
Tail group, braced together as a biplane but not 
including outrigger booms to hold it in place.. 0.95 
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Lb. per lb. culations. The connection of Messrs. Gilmore and Chris- 


wee Tae 
Bare hull, normal displacement, 22,000 lIb.. 12 


Bare hull, abnormal displacement, 28,000 lb. 0.10 


Lb. per gal. 
200-gal. aluminum gasoline tank, complete 
ee 0.35 
91-gal. terne plate gravity tank .......... 0.90 


Lb. per b.hp. 
—, empty, range between types 


RD Se YS eee 0.30 to 0.38 
malta re 0.24 
Water for engines, including water for en- 

gine radiators and piping ............. 0.40 
Total powerplant, exclusive of foundations 

and structural bracing ............... 4.00 
Foundations and structural bracing ...... 0.46 


The principal dimensions and characteristics of the 
NC type may be summarized as follows: 


ae El aa Liberty 
EE Cr lks Geudesadendeeteeseasenes 4 
is Sees Oba ben es ve naees ens 1,600 
CE EE Ee Satish eh'diac'g Gite Waray ean a 126 
ee ts dt ono bw ead een 94 
NS os og Balk LE b hig ae iy. d ecsisla bse aes 68—5 i2 
ET oy Gast 240 4b ole bodaewnee wes 24—5% 
Rd Gig Oras ela Sia ay lsd eo i lal aco die $e atm oia ws 12 
lnc Sis, wiih i094 HU ein 8 Na e's oie 0 <w0 wmOie 13% to 12 
i oa isin abe ais & 6:0 Mad BR. A. F. 6 
EO ee 3 
en ee Oe ee 0 
Anmele of stabilizer to hull, deg. .........ccccccccee 2 
osc ccencceseersevescees 0 
, Mn ., cccccccecceseececes 3 
Wing area, including ailerons, sq. ft. ........... 2,380 
IPE, Wikia 6 & Gidiv.e o Geidiweiseeeles oes cians 265 
ESS I Oe ere 268 
SS EEE a re re errr 69 
RS bio nb nce evowseecnctaoeawns 240 
ae Ry I a Se eine ae 79 
EE ee reer eae 15,874 
ee oo. oc cthab ks codecs eee ee 28,000 
RD eh is os 66 Case 04 on. 460.4 6 0 Or 12.126 
Capacity of gravity tank, wal. ....... ccc cc ccccces 91 
ee 1,800 
i, .. cc veepecceccereeerws 160 
Maximum speed at 28,000 lb., knots .............. 74 
Minimum speed at 28,000 Ib., knots ............... 58 
Maximum speed at 24,000 Ib., knots .............. 84 
Minimum speed at 24 ,000 lb., a a ag aa 55 


Center of gravity .... 35 to 45 per cent of wing -—s 

Factor of safety for 28 NR 4 alr eo cle 64: e kis eos -6 8 ats 

As I stated above, the NC design represents pee 
engineering. It is impossible to give credit correctly to 
many engineers who did good work on her, especially 
to the men in the Bureau and in the Curtiss organization 
who did the work as regular routine duty. With many 
engineers doing good jobs is so normal a day’s work that 
it is only when a failure is recorded that their names 
appear. It should be of interest to record, however, the 
responsibility of certain individuals for important 
features. For example: Glenn H. Curtiss suggested the 
outrigger type of tail and Starr Truscott and Prof. 
Luther of the Bureau developed the theory of the diffi- 
cult and indeterminate structure required so that it 
could be designed with confidence. Naval Constructor 
H. C. Richardson designed the hull of the boat with the 
assistance of Naval Constructor McEntee who conducted 
the towing tank experiments and W. L. Gilmore of the 
Curtiss company who got out the structural details. The 
design and construction of the wing girder was handled 
by Naval Constructor G. C. Westervelt who had as his 
assistant for matters of structural design and safety, 
Ensign C. J. McCarthy, formerly of the instructing staff 
of the Massachusetts Institute of Technology. Dr. A. F. 
Zahm made the wind-tunnel investigations, and Lieut. 
C. B. Harper of the Bureau made the performance cal- 


ten of the Curtiss company with the design touched all 
points and cannot be summed up in few words. In the 
actual building of the boats, Naval Constructor Wester- 
velt took charge and arranged for parts contracts as 
given above. Naturally, all of these firms contributed 
their knowledge and experience. 

In short, the NC design is an all-American proposition 
like the Liberty Engine. It represents the organized 
result of what we had learned from previous experience, 
what we could deduce as to the future by application of 
aeronautical engineering theory and methods and what 
we could learn from foreign practice. 


DYNAMIC BALANCING 


he is a simple matter to obtain dynamic balancing in any 

rotating part once static balance is secured. In an article 
by Carl Herring in the Electrical World the general methods 
to be employed are explained, and a rational unit is given 
for expressing and measuring the tolerance in balancing. 

Once the rotating part is balanced statically it can always 
be balanced dynamically by adding or taking away two equal 
masses equally distant from the axis and at a certain distance 
apart measured along the axis. The permissible lack of 
dynamic balance depends upon the use to which the piece is 
put, its natural period of vibration, the pressure on the bear- 
ings, the strength of the shaft and, very largely, on the 
speed of rotation. 

Lack of static balance may be expressed as a certain mass 
M at a distance D from the axis, or simply in terms of the 
product MD, which is a torque or moment, and may be cor- 
rected by adding or removing a mass m at radius d, such 
that md—=MD. The permissible degree of static unbalance 
varies inversely with the square of the speed, other things 
being equal. According to Akimoff, a fair limit of tolerance 
in the static balancing of, say, an armature weighing not 
more than 200 lb. is 0.4 oz.-in., that is, 0.2 oz. at 2-in.*radius, 
for a speed of 1000 r.p.m., and one-fourth of this for 2000 
r.p.m. 

Dynamic unbalance involves the two products md and MD 
and also the axial distance L between them; it is, in fact, 
proportional to the double product mdL, which is a moment 
of a moment, or a centrifugal couple, and is expressed in the 
unit ounce-inch-inch, which may be written oz.-in.’, so long as 
it is remembered that two different lengths and not the 
square of one distance are concerned. The permissible dy- 
namic unbalance varies inversely with the square of the 
speed and its amount may be determined easily by trial load- 
ing of a piece known to be initially in true balance. Akimoff 
suggests that a fair tolerance for an armature is about 
12 oz.-in.? at 1000 r.p.m., and one-fourth of this at 2000 r.p.m. 
Considerably smaller lack of balance can be detected by a 
suitable measuring machine. 


RADIATOR COOLING FANS 


= the paper by George W. Hoyt with this title which was 
published in the May issue of THE JOURNAL a number of 
unfortunate typographical errors appear. 

On page 336 the figure in the fifth line of the last para- 
graph in the second column should be “%” instead of 3. 

On page 337 the captions of the cuts were transposed. In 
the third paragraph of the first column of that page the 
second and third sentences should be combined. The third, 
fourth and fifth lines from the bottom of the column should 
read “If it is necessary to use a shroud with the fan in 
front of the radiator, we have found it to be very good prac- 
tice to locate the fan as shown at the left of the drawing on 
the preceding page.” The next to the bottom line in the 
second column should read “We are also equipped to deter- 
mine,” etc. 

All of the captions should have indicated that the fans 
were of the four-blade type with a projected width of 2% in. 
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Torque Recoil and Car Weight 


By L. H. Pomeroy! (Member) 


aroused such discussion among users and engineers as 

that of the desirable number of cylinders that an au- 
tomobile engine should possess. In the early days the de- 
velopment of a four-cylinder engine was retarded by the 
prejudice as to its then called unnecessary mechanical 
complication. Later, the claims of the simplicity of the 
four-cylinder engine were urged against the additional 
two cylinders which went to make a six-cylinder engine. 

Then certain American makers took their courage in 
both hands and pursued the policy of crowding as many 
cylinders as possible under the bonnet with a commercial 
success that has justified this somewhat peculiar method 
of meeting conditions with which they were confronted. 
The buying public were readily persuaded to accept the 
multi-cylinder engine, for two reasons. First, the plausi- 
bility of the argument that high-gear performance de- 
pended upon the number of cylinders per se, and, second, 
the fact that the said high-gear performance with these 
engines was beyond all question of a very commanding 
nature. 

A large part of my work has been in the direction of 
attaining the same ends as those achieved by the multi- 
cylinder engines, but by different means, and I believe 
that it is possible to reconcile the claims for any num- 
ber of cylinders from four to twelve in terms of the 
title of this paper. ‘ 

So far as high gear performance is concerned this 
may be judged on any or all of the following grounds: 


I: the evolution of the automobile few factors have 


(1) Slow-speed running 
(2) Acceleration on the level 
(83) Gradient climbable 


Torque at CLUTCH AND NUMBER OF CYLINDERS 


It is clear that for a given car weight and gear ratio 
the torque exerted at the clutch is independent of the 
number of cylinders, i. e., the horsepower developed by a 
four-cylinder engine at any given number of revolutions 
may be less or greater than that of a twelve-cylinder en- 
gine, for example, in proportion to the euhic capacity 
of the engine and the mean effective pressure attained. 
From this point of view the gradient climbable and the 
acceleration on the level are similarly independent of the 
number of cylinders. 

For slow-speed running either throttled down on the 
level or with open throttle on hills the high-gear per- 
formance depends upon the ability of the engine to run 
slowly and upon the gear ratio. The slow running abil- 
ity of a four-cylinder engine is practically limited only 
by its flywheel weight taken as an engine, but when 
mounted in a car the whole mass of the car may be con- 
sidered as flywheel mass, provided no definite reversal 
of torque takes place, such as may be due to misfiring. 

On the other hand, the slow running ability of either 
a six, eight or twelve cylinder engine involves a much 
greater accuracy of valve timing, carburetion and igni- 
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ion. in my experie..ce I have been able to obtain much 
bever siow-speed running with four-cylinder . engines 
than with six or twelve cylinder units. It is quite easily 
possible to throttle a high efficiency engine of the four- 
cylinder type down to 160 r. p. m., giving a speed of 
about 4 miles per hr. with a gear ratio of 4 to 1. The 
impressive slow running performance of the multi-cy}- 
inder cars is, in my opinion, much more a function of the 
gear ratio than of the number of cylinders. 


Muuti-CyLinDER ENGINES AND UNirorM Torque 


The theory that the overlapping impulses of the six, 
eight or twelve cylinders produces uniform torque, holds 
water in precisely the same degree as the flywheel is 
ciiminated when one considers the engine as driving a 
phantom car possessing no mass. Just as soon as the en- 
gine and the automobile are considered as one, the mass 
of the latter as a whole acts in precisely the same way 
that a cycle rider provides his own equivalent of a de- 
vice capable of absorbing and giving out energy to the 
extent of which the supply is greater or less than the de- 
mand. It is not, of course, contended that there is no 
practical effect noticeable when flywheel weight is un- 
duly diminished, but it is urged that without going to ex- 
tremes flywheels can be made heavy enough on four- 
cylinder engines so that when running slowly there is no 
noticeable variation of angular velocity and hence a jerky 
motion of the car as a whole.. In other words, to judge 
the uniformity of torque given by a four-cylinder en- 
gine as compared with a twelve-cylinder one by super- 
posing the torque diagrams is a gross misrepresentation 
of the facts. 

Whence then arises the popular opinion that the multi- 
cylinder car has virtues surpassing and above those of 
its less blessed sisters? The answer is, in my opinion, to 
be found by considering what happens in front of the fly- 
wheel rather than what occurs behind it. It is when the 
subject of torque recoil is discussed that, the advantages 
of the multi-cylinder engine become manifest. 

The torque produced by the explosion spends itself in 
part by accelerating the flywheel, thus producing an equal 
and opposite recoil which is transmitted to the 
engine supports. At high speeds this recoil vibra- 
tion is so rapid as to be practically continzous. 
The speed at which, other things being equal, tnis 
continuity is produced depends upon the number of 
cylinders and the magnitude of each individual re- 
coil, i. e, at part throttle the effective contin- 
uity will occur at a slower speed than at full throttle and 
will also occur at a slower engine speed, for say an eight- 
cylinder engine than for a four-cylinder. It is clear, 
however, that with any number of cylinders, there is a 
point at which the torque recoil ceases to be noticed. 
The point at issue is as to how far it is really necessary 
to increase the number of cylinders to avoid the mani- 
festations of torque recoil to such a degree as to excite 
the sensitiveness of the expert driver. Upon this sub- 
ject the following observations may be made: 
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(1) There is in fact what may be called a recoil 
flywheel effect due to the mass of the cylinders and 
crankcase. If these were of great weight the torque 
recoil would be absorbed by these to a large extent 
instead of being transmitted to the engine supports 
almost in full as is the case with engines of normal 
weight, particularly at low speeds. 

(2) The mounting of the engine itself plays an im- 
portant part in the impression of torque recoil con- 
tinuity. By suitable means the effect of torque recoil 
in a four-cylinder engine can be damped out, so that 
even at low speeds it is almost imperceptible. I refer 
particularly to the method of mounting the engine 
upon a sub-frame, thus avoiding the direct recoil 
which occurs when the engine is mounted directly 
upon the main frame. It is not possible to reduce 
this effect to figures easily, but a little considera- 
tion will show that even at comparatively low engine 
speeds the periodicity of the torque recoil is sufficiently 
rapid that during the time the recoil from one cylinder 
is being absorbed and delivered to the main frame, 
another is being imparted, and so on. 


Factors GoveRNING Torque REcoIL 


Apart from these incalculable factors it is desirable 
to consider a little more closely the factors governing 
torque recoil. In the case of a single-cylinder engine 
with a brake mean pressure of say 96 lb. per sq. in., it 
is obvious that in one working stroke about 25 per cent 
of the brake mean pressure is utilized in overcoming the 
external resistance, thus leaving about 72 lb. per sq. in. 
to spend itself in increasing the flywheel momentum. 

An increase in angular momentum of the flywheel can 
only occur through torque being applied to it, so that 
sufficient torque must have been applied to the crankcase 
and engine supports during the time of the working 
stroke to resist the recoil due to the explosion. The 
torque recoil is, therefore, the torque which is applied to 
the engine supports ‘to resist the rotational recoil of the 
explosion. 

Any given torque acting for any time increases the 
angular momentum in proportion to the time and thus 
produces a recoil effect in like proportion. The recoil ef- 
fect, therefore, of a multi-cylinder engine depends pri- 
marily upon the number of explosions in a given time 
and the magnitude of each. Comparing, therefore, a sin- 
gle-cylinder engine with a four-cylinder unit of the same 
capacity and developing the same mean effective pressure 
the torque recoil effect will be proportional to the time 
during which the torque recoil acts, i.e., in the single- 
cylinder engine four times that in the four-cylinder one. 
Similarly comparing engines with four, six, eight and 
twelve cylinders respectively, all of the same total ca- 
pacity and with the same brake mean pressure the recoil 
effect will be in the ratio of 3, 2, or 114 to 1 at the same 
engine speed in each case. If the brake mean pressure 
be changed the recoil effect will be altered correspond- 
ingly. Hence the noticeable reduction in pick-up vibra- 
tion when accelerating from any given speed on the 
level or down-hill compared with that up a gradient call- 
ing for increased throttle. 


Toreve Recom a Function or Car WEIGHT 


This consideration leads to the important question 
as to how far torque recoil is a function of total car 
weight, as apart from the number of cylinders employed. 
For a given engine speed and gear ratio the torque recoil 
as has been stated is proportional to the mean effective 
pressure and the number of explosions per unit time. 
Increasing the size of cylinder, but keeping the torque 
the same, will, therefore, not affect the torque recoil, 
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owing to the consequent reduction in brake mean pres- 
sure for a given torque. Torque recoil then is inde- 
pendent of the cylinder size for any given torque. In- 
creasing the number of cylinders, keeping the torque the 
same, will reduce the torque recoil effect in proportion 
to the increase in the number of explosions per minute. 

From the point of view of power and acceleration cars 
may be classified, apart from windage consideration, in 
terms of the power exerted by the engine, the road speed 
at which this power is exerted and by the total weight. 
These factors determine the acceleration or liveliness of 
the car, its capacity to climb hills and to accelerate. For 
any given gear ratio, then, the horsepower of the engine 
should be in proportion to the total weight. The low limit 
of the high-gear ratio is determined by the maximum 
speed at which the engine will run and give a satisfac- 
tory road speed. 

For automobile engines of moderate size, say not ex- 
ceeding 4-in. bore and 6-in. stroke, the limiting speed, or 
that at which the maximum power is attained, does not 
vary greatly, being somewhere between 2500 and 3000 
r.p.m. For the purpose of discussion, there is no reason 
why the same gear ratio should not be used with an en- 
gine of say 4-in. bore and 6-in. stroke, as with an engine 
of 344-in. bore and 5-in. stroke. It is clear, then, that 
for the same high-gear ratio power in proportion to the 
total weight may be read as torque in proportion to the 
total weight. 


Comparing two cars with the same high-gear ratio, 
one weighing 6000 lb. with an eight-cylinder engine of 
300-cu. in. capacity and the other weighing 3000 lb. with 
a four-cylinder engine of the same capacity, we see that in 
the first case the torque required is, for a given accelera- 
tion, double that in the second. The torque recoil is there- 
fore the same in each due to the fact that torque recoil 
is directly proportional to the total torque and inversely 
proportional to the number of cylinders employed. Simi- 
larly comparing the car weighing 3000 lb. equipped with 
a four-cylinder engine with a car of 6000-lb. weight 
equipped with a six-cylinder engine, the car with the 
four-cylinder engine may be geared 33 1/3 per cent 
higher than the car having the six-cylinder engine and 
still possess the same smoothness in picking up. 

My view is that the number of cylinders required for 
a given absence of torque recoil is a function of the 
total car weight and independent of the size of the cyl- 
inders for a given gear ratio. As a matter of pure 
opinion I consider that the multi-cylinder engines now 
so widely used overshoot the mark of real requirements 
and obtain their smoothness of operation at the expense 
of more desirable qualities. 

From the aspect of the user the multi-cylinder engine 
is regarded as advantageous in respect to high-gear work 
on the hills and on the level, characteristics in which such 
engines have certainly no advantage in respect of the 
number of cylinders per se. The prevalence of this opin- 
ion is a costly one for both the industry and the owner, 
however useful it may have been as a sales policy to save 
a situation endangered from other causes. It will be in- 
teresting to see how far the economic considerations 
which are the basis of all sound engineering will ulti- 
mately affect design in the respects discussed. 


ENGINE BALANCE 


In the foregoing I have not touched upon the subject 
of engine balance, which is closely related to torque re- 
coil in that it is similarly more a matter of ease and 
comfort than one affecting performance. It is, there- 








fore, necessary to mention that in engines of the four, 
six, eight and twelve cylinder types, it is only the six 
and twelve that are balanced in respect of secondary in- 
ertia forces and the normal four and eight cylinder en- 
gines both involve secondary unbalance which may and 
usually does have profoundly unpleasant results that are 
more pronounced in fact than any due to torque recoil. 
Happily these may be eliminated by the Lanchester 
anti-vibrator, a simple mechanical device which in itself 
will have a marked effect upon future engine design. The 
future passenger car will be called upon to approximate 
at least the road performance of the present day car. The 
first-class car is now characterized by luxurious body 
work, calling for large engines, heavy transmission and 
axles. Insofar as this is necessitated by the body it is 
justifiable. It seems, however, uneconomical to employ 
the same means to carry light open bodies. I am strongly 
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of the opinion that in the near future the chassis will be 
designed to suit the body work and that there will be 
broadly two types of chassis, the one suitable for heavy 
closed and open bodies and the other suitable for bodies 
of the roadster type. Such a development would lead 
probably to the conclusion that the light chassis would 
be capable of dealing with considerably heavier bodies 
than those for which it was originally designed. This 
would allow the lightening process to be repeated without 
involving the commercial danger of marketing a light 
chassis for all purposes. As has been shown, a reduction 
in car weight would enable the existing standards of per- 
formance to be maintained and even improved with the 
use of four-cylinder engines for the lighter chassis and 
a maximum of six cylinders for the heavier type and all 
that this means in its tremendous advantages to the auto- 
motive industry and to the user. 





COMMERCIAL HIGH-SPEED AIR TRANSPORTATION 


T is a fundamental fact that the maintenance of communi- 

cations and improvements in speed are vital to the whole 
future of trade throughout the British Empire. General 
Smuts has emphasized this fact in his statement that the 
Empire is so dependent for its very existence on communica- 
tions that it will go to pieces unless they are maintained. 
The development of commercial aeronautics assumes, there- 
fore, very special significance. It is, in fact, a development 
which will affect profoundly the future not only of the British 
Empire but also of the entire world. 

Trade cannot stand still. It must either go ahead or de- 
cline. Business transactions, in view of an ever-increasing 
competition, must be expedited constantly. We must seek 
continually to get more business done in a given time. 


AVIATION AND Wor.LpD TRADE 


The whole expansion of a world-wide trade rests, therefore, 
upon an acceleration of communications; and if these can be 
quickened appreciably, then a vast stimulation is bound to 
follow. One may instance the telegraph and telephone. Their 
introduction speeded up business transactions; and now to- 
day, with the introduction of high-speed aircraft, an entirely 
new and in many respects much more valuable convenience is 
provided for the business world. The telegraph is of no use 
to us, for example, should we want to send an urgent docu- 
ment, a sample or a photograph from point to point, but the 
airplane will carry these at 100 miles per hr. and many other 
things as well. We shall be able, in fact, to send by air mail 
practically anything that it is possible to send by train or 
motor car. In its speed lies the business value of aircraft, 
and this speed is constantly increasing. It was in May, 1917, 
when lecturing before the Aeronautical Society, that I pic- 
tured a world-wide commercial air service being operated at 
an average speed of 80 miles per hr. Now, however, today, 
through the progress in design and construction, it is per- 
missible to increase that average speed to 100 miles per hr., 
which means that there is now no place on the earth’s surface 
more than 4 days’ journey from London by air. 

What, actually, will these aerial transport services offer to 
the business world? They will offer the facilities for sending 
letters and light goods all over the globe at an average speed 
of 100 miles per hr.; a prospect which opens up possibilities 
so vast that they are simply incalculable from the commercial 
point of view. When an urgently-consigned letter can be sent 
direct from London to Sydney in not more than 4 days; when 
the air mail to Bagdad takes only a day and a half; when all 
our possessions in Africa are brought so close to us that they 
can be reached in a few days instead of in several weeks, 
then the business world will realize what is really meant by 


the coming of this age of air travel and what benefits it will 
confer on those who are prompt to take advantage of it. 
Where communications are slow, trade languishes; where 
they are quickened, it flourishes. Trade always, infact, fol- 
lows the quickest route. 


Arr-MalIL SERVICES 


Having regard to the enormous convenience which an air- 
mail service will provide, assuming that it can, as it will, be. 
made dependable, I think that those who organize and oper- 
ate the first of these services have a right to ask the busi- 
ness world to give this new means of transport not only their 
interest and attention, but also a fair and practical trial. We 
want business men, in fact, to have sufficient confidence in us, 
even while commercial air transport is in its infancy, to 
select certain of their urgent letters and deliberately send 
them by air mail to watch results. If they do this, then it 
will be for us to “make good.” The business man is naturally 
conservative and is perfectly entitled to be so. Experience 
has taught him to weigh proposals very carefully before ac- 
cepting them. We do not ask him, therefore, to become at 
once an enthusiast in regard to air transport. We simply 
ask him to give us a trial, to test us and to see whether we 
really can do what we say. 

Under such test conditions shall we be able to “make good”’? 
Shall we be able to impart to an air-mail service that punc- 
tuality and reliability which will be essential to its operation 
on a really commercial scale? On this score, I, personally, 
have no doubts or misgivings. We shall. The ability to 
make world-wide commercial flights and to make them regu- 
larly to a time-table has now become entirely a question of 
minute and very carefully-devised organization. Already, 
though aircraft are still in their infancy, we have machines 
suitable for our immediate purpose. Already, too, we are well 
ahead with the work of building up the organization of our 
air ways, with the provision of the emergency alighting 
grounds, day and night signals and meteorological depart- 
ments which will be absolutely essential to success if we are to 
maintain a regular service in bad weather as well as fine. 
The pilot who flies across country with no land organization 
to help him may soon find himself in trouble when weather 
conditions become adverse. But, assuming the existence of 
the highly organized ground service on which so much will 
depend, we cannot only warn him of bad weather and direct 
him into a stratum of the atmosphere where conditions are 
favorable, but we can also, by directional wireless, keep him 
on his course when there is mist or fog. Furthermore, by 
linking up all our main airdromes by a chain of emergency 
alighting grounds placed at 10-mile intervals, we can insure 
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that, should he have to descend involuntarily owing to any 
mechanical breakdown, he will always make a safe landing 
on a suitable surface. Organization will enable us, also, to 
station relief machines along a route so that, should an air- 
mail machine break down and have to make a forced landing 
on any one of the emergency grounds, another machine could 
be summoned at once by telephone or wireless, and the mail 
bags carried on to their destination with nothing more than 
a few minutes’ delay. 

Organization and precision, the careful guarding against 
possible mishaps, have given land and sea travel the high 
factor of general safety which they now possess; and with 
air travel, granted a sound organization, we see already how 
we shall be able to secure and maintain as great an all-round 
safety and dependability as is the case today with train and 
steamship services. This much, indeed, is certain: There is 
now no inherent risk in the navigation of the air which organ- 
ization, combined with experience, cannot overcome. 


AVIATION AND BUSINESS 


I should like to commend one point especially to the atten- 
tion of the commercial world. If business men will only in- 
terest themselves in the scheme to develop air-mail services 
throughout the world, if they will only use this new facility 
when they have an urgent letter, document or sample which 
they wish to send to some distant city, then they will serve 
not merely to quicken that particular business transaction 
but to influence materially the scale of charges which will be 
made for high-speed transport by air. The position in a 
word is this. The more letters that go by air, the lower the 
rates charged for them. That is the determining factor in 
the situation. If, when we have built up the organization of 
an air route, with its chains of alighting grounds and wire- 
less and weather services, only a small public patronage is 
forthcoming, then the overhead charges of the undertaking 
will be so out of proportion to the actual use that is made of 
the route, to the volume of traffic passing daily over it, that 
charges will inevitably remain high. If, for example, a rail- 
road line capable of dealing with a large volume of traffic 
had patronage enough to fill only one train each way a day, 
it can be imagined what high fares would have to be charged 
even to make receipts balance expenditures and without any 
idea of profit. It is the same with an aerial route, though 
this will cost infinitely less to establish than a railroad. 

Taking a route like that between London and Paris, my 
statistics show that whereas it would cost 4s. 8d. per mile 
to run only one machine each way daily over this route, this 
cost will drop to nearly half when sufficient traffic is forthcom- 
ing to fill four twelve-seated passenger machines each way 
daily. This is a moderate assumption, as a matter of fact, when 
the importance of this route is considered, and when one re- 
members that the journey will be made in 2% hr. instead of 7 or 
8 as by land and sea. It is understood that, in the very first 
stages of a London-Paris air-mail service, the charge for the 
transportation of a letter between the two cities will be half- 
a-crown, including the Post Office charges for the express col- 
lection of the letter, say, in London, and its delivery to any 
address in Paris, as well as its conveyance by air. I feel con- 
vinced it will soon be possible to lower this rate; always 
assuming that business houses in the two capitals really 
interest themselves in this new project and are wise enough 


NATURE OF 


VERY atom of matter holds within itself negative elec- 
tricity in the form of travelling electrons, the positive 
being, according to Rutherford’s researches, concentrated 
into a central body containing the predominant mass of the 
atom. Research by the spectrum by Bohr and after him 





to realize quickly what it will mean to them in the facilitation 
of business, to be able to send a letter over to Paris in the 
morning and get a reply before the close of the business day. 


CONFIDENCE IN THE FuTuRE 


That we shall attain the necessary punctuality and relia- 
bility I have now no shadow of doubt. Wind, previously the 
aviator’s enemy, now troubles him scarcely at all. A good 
pilot will ascend in and fly safely through any wind short of 
an absolute hurricane, and the speed of modern machines has 
become so great that even a strong head wind, though it may 
retard them, still permits them to make a journey in a very 
much shorter time than would be possible by land or sea. 
Fog, which is infrequent in anything like a bad form, we 
shall combat by wireless telegraphy, guiding balloons and by 
special lighting on airdromes. An important point to be re- 
membered is that when an airplane has once ascended and is 
in actual flight, its pilot can climb until he is above the fog 
belt and in perfectly clear air. Then he can proceed with 
his journey without any risk of a collision or other accident 
at just the same speed as if the weather were not foggy. 
Where the chief difficulty lies when it is sought to maintain 
service during a fog is at the moment of alighting. It is quite 
possible to guide a pilot when he is in flight above the fog 
belt and also to indicate to him clearly, by a kite balloon 
riding above the fog, the exact position of his airdrome of 
arrival. Then, of course, he has to come gliding down from 
clear air, and, entering the fog belt, to make a safe landing 
on a ground which is perhaps somewhat heavily obscured. 
Here the real problem is to tell him accurately when he is 
reaching ground level. His instruments, of course, help him, 
but he requires some visual assistance as well, in the form of 
a searchlight or fog-penetrating ray for example. This 
should not be an insoluble problem.. Much experience has 
been gained during the war in night flying and in alighting 
under unfavorable conditions. Remarkable results can be 
achieved in this direction by expert piloting when it is aided 
by a careful system of ground lighting. I firmly believe that 
science, coming to the aid of commercial flying, will help us 
enormously. It might be found possible, for example, to dis- 
perse a fog altogether over the limited space required by a 
pilot in alighting. 

As soon as we have the organization and a certain amount 
of experience has been gained, I am confident we shall achieve 
as sound an all-round reliability with air service as with 
any other form of public service which the business world 
has come to regard as dependable. 

No nation in the world can benefit as greatly from com- 
mercial aeronautics as can Great Britain. No trade can be 
more stimulated by flying. A great era is dawning. Many 
new fields are being opened up. Discontent is expressed 
everywhere with the old, slow methods of communication, 
and now, at the right moment, psychologically, comes flying, 
placing within the grasp of the world just such a new facility 
as is required. The nation which is most quick-witted and 
most energetic, which concentrates most earnestly on develop- 
ing this new power, will be the one that will reap, in a rapidly 
extending and amplifying trade, the fullest and quickest 
benefits from man’s great conquest of the air. 

—G. Holt Thomas in Aeronautics. 


THE ATOM 


Sommerfeld have made it practically certain that in every 
atom the electrons are in constant motion in elliptical orbits 
round the central body, forming a planetary system similar 
in all respects but magnitude to our solar system.—Zeit- 
schrift fiir angewandte Chemie. 
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Load-Carrying Possibilities of Angular- 
Contact Ball Bearings 
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HILE the use of balls as load-carrying devices 
W ex far into antiquity, the use of hardened- 
steel balls with raceways as journal bearings is 
of comparatively recent origin. It was only in the last 
quarter of the nineteenth century that an American in- 
vented ready means of producing steel balls in quantities 
at anything approaching reasonabie costs and, even then, 
many years of experiment and research were required to 
devise means for producing balls of sufficiently accurate 
spherical form to enable them to be used in journal boxes. 
Coincident with the production of spherical balls, va- 
rious forms of race member were devised which, in com- 
bination, produced journal bearings of a more or less 
satisfactory nature, and beginning with the development 
of the bicycle industry, ball bearings began to be used to 
a large extent in various industries. Of all the early race 
forms that survived the cup and cone type found widest 
application in the bicycle. In these bearings the race 
members were lightly case-hardened, the balls were either 
case-hardened or made of nature-hard steel; and while 
the balls themselves were highly polished the surface of 
the race member was but lightly polished and very sel- 
dom ground. These early applications of the ball bearing 
to widely distributed commercial use were subjected to 
very little load and, in consequence, small balls served 
faithfully to perform the functions required and mark- 
edly reduced journal friction as compared to any form 
of plain or roller bearing then extant. The success at- 
tained with ball bearings in the bicycle rapidly brought 
the attention of the mechanical world to their friction- 
saving qualities, and many attempts were made to apply 
the then very crude existing types to other mechanical 
uses. 
Earty Use or Batt BEARINGS 


Very little accurate knowledge was at hand concerning 
the load-carying capacities of balls or races, and many 
mistakes were made in the employment of too small balls 
and too thinly carburized race sections, until it became 
the belief among many mechanical men that the ball bear- 
ing was suited only to carrying the lightest of loads; but 
in the endeavor to attain the very low friction values 
present when balls were used in journals, early means 
having been discovered of testing the load-carrying values 
of balls themselves, larger and still larger balls were used 
as load-carrying members. The raceways, however, suf- 
fered very little improvement, merely being increased in 
size, without change in material or its treatment. 

Even up to the present day, many applications exist 
wherein relatively light pressed steel members are em- 
ployed, using large balls and subjected to heavy loads. 
These types of bearing are still called the cup and cone 
bearing. These bearings are practically always of angu- 
lar-contact form, in that the load line of the ball is at an 
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angle to the axis of the shaft, and either one or both of 
the race members are case-hardened and in general are 
of inferior steels to begin with, though the balls in gen- 
eral are made from most excellent steels. The race mem- 
bers in most of these bearings are not ground and very 
little attention has been paid to the proper study of race 
curvature and accuracy. Needless to say, the service 
performed by these bearings is as good as the design, 
materials and structure will allow. Friction is reduced 
by their use but not to an extent possible by the use of 
greater care in design, fabrication and choice of metals. 

It is possible that the relatively unsatisfactory service 
given by the pressed steel cup and cone bearing has 
caused considerably more interest in the more highly 
developed and technically studied annular type of ball 
bearing of more or less foreign origin than in the pos- 
sibilities of perfection of the angular type of bearing 
for the performance of certain specific and well-adapted 
service. The angular contact, more commonly known as 
the cup and cone bearing, is particularly an American 
invention. 

The annular bearing in which the journal load is ap- 
plied through the balls in a line directly perpendicular 
to the axis of rotation and in which the balls are con- 
fined between curved raceways in accurately generated 
and ground race rings of the most highly perfected of 
alloy steels hardened throughout is properly. of German 
origin. The technical structure of the annular bearing 
has received, at the hands of the German scientists, 
very careful analysis. Its load capacities have been sub- 
jected to most careful research, and the features of its 
design most accurately determined. 


ANALYSIS OF POSSIBILITIES OF BEARINGS 


It is the purpose of this article to analyze the pos- 
sibilities of the angular-contact (cup and cone) type of 
bearing when it is made as accurately as must needs 
be to utilize to the fullest extent the friction reducing 
properties of absolutely accurate steel spheres confined 
between accurately generated and ground curved race- 
ways made of steels as highly perfected and as scien- 
tifically treated as are the balls themselves, and to de- 
termine, in as far as possible, the load-carrying powers 
of such bearings, both for axial (thrust) loads as well 
as for radial loads, and to determine the law of varia- 
tion of load-carrying capacity in such a bearing as the 
direction of the bearing load may vary from the per- 
pendicular to the axis of rotation (pure radial load) to 
the axis of rotation (pure end thrust). 

My development of the loading of angular-contact 
ball bearings considers both the balls and races as elastic 
bodies and develops the load-carrying possibilities in 
terms of the carrying power of a single ball. When we 
think that the balls, as well as the races, are elastic 
bodies, we realize at once that if we consider the actual 
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load as divided into two component loads, one a pure 
radial load and the other a pure thrust load, we are work- 
ing under a false premise, for the races can approach 
each other only in the line of action of the single load. 

In the proof to follow the load on the bearing is con- 
sidered as acting in one direction at a time, and the 
load-carrying possibilities of the bearing are studied 
as the load changes its direction from a pure radial to a 
pure thrust load. 

According to Hertz and Stribeck, for balls between 
raceways which have curved cross-sections closely fitting 
the contour of the ball, as in our present-day high-grade 
ball bearings: 


§,= KYP? (1) 
5, = increment of approach of the raceways when ball 


is under maximum load and line of load applica- 
tion coincides with line of ball contact 


K =a constant 

P, = maximum load ball is subjected to 

Stribeck’s equation for the theoretical loading of an- 
nular or radial type ball bearings (which neglects speed 
factors) is: 

P= P,(1 + 2 cos® a + 2 cos® 2a + 2cos%3a .. . + 

2 cos na) (2) 

P = total journal load 

@=angle in degrees between two consecutive balls 

na < 90° 


For a bearing containing ten balls— 


nP, ’ 
"=< (9) 
For a bearing containing fifteen balls— 
nP, ' 
r= 4.36 (4) 
For a bearing containing twenty balls— 
nP, . 
P=737 (5) 


where 7 is the number of balls in the bearing. 
For practical consideration and considering looseness 
of balls and spring of races— 
P, 
r= =: orrP=—¢2eF, (6) 


t 





From the results of tests and experiments it has been 
pretty generally accepted that the load-carrying possi- 
bilities of a present-day high-grade steel ball vary di- 
rectly as the -quare of the ball diameter; therefore P, 








bears a direct relationship to the square of the ball 
diameter. 

Fig. 1 shows a cross-section of an angular-contact 
type ball bearing, 8 being the angle of contact. The 
arrow shows the direction of the load as applied to the 
inner race. The load is neither radial nor thrust. 

Fig. 2 represents seven different positions of the load 
as it shifts through 90 deg., the vertical arrow marked 
0 being a pure radial load and the horizontal arrow 
marked 6 being a pure thrust load. 
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Fig. 3 is a side elevation and end view of a bearing 
containing eight balls, but the mathematical proof to 
follow considers any number of balls. The lettered ar- 
rows show the direction of the applied load as well as 
the direction of approach of the races with respect to 
the individual balls, the angle between consecutive balls 
being shown as a. 

The heavy black arrow marked 3 in Figs. 1 and 2 
represents any load to which the bearing may be sub- 
jected. In Fig. 3 the small arrows show how this same 
load acts with respect to each individual ball. When 
the line of action of the load cb makes an angle cbb’ 


greater than 90 deg. with the line of contact bb’ between 
ball and races, then the ball will carry a portion of the 
load. In Fig. 4 is shown the true angles between the 
line of ball contact and the line of load application for 
each of the eight balls. The angles w,, w, and, , andy 
®,and, and w, represent the supplementary angles in 
each case, these being used in the proof, the real angles 
being cbb’, edd’, off’, jhh’ and mkk’. From an inspection 
of these angles one can readily see that for this particu- 
lar load balls 4, 5 and 6 do not carry any of the load. 

Starting with a pure radial load and considering an 
infinite number of loads through an angle of 90 deg. to 
a pure thrust load, we would have one-half the number 
of balls under load in the radial position, and as the 
angle of load increased we would anticipate the maxi- 
mum loading-carrying capacity of the bearing shortly 
after the angle of load has become greater than the con- 
tact angle. When the line of load application makes an 
angle of 8, the angle of ball contact with the arrow 6 in 
Fig. 2, we can understand that the last ball in the bear- 
ing is coming under load and would expect a rapid in- 
crease in the bearing carrying capacity beyond this 
point. 


Time A Batu Is Sussectep to Loap 
Let us consider the mathematical proof as divided into 


two problems, the first problem being to establish a 
mathematical relationship between known angles and 
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assumed directions of load application and determine 
in degrees of the ball circle just when a ball will begin 
and leave off carrying any part of the applied load for 
each different direction of load application; the second 
problem being to establish an equation in terms of bear- 
ing load, known relationships and the maximum load a 
ball can safely carry. 

Fig. 5 shows the necessary construction lines to de- 
velop the mathematical relationships between the direc- 
tion of load application and the angle of ball circle 
through which the balls are loaded. In the diagram the 
ball 2 is shown as representing any ball position other 
than when the line of ball contact lies in a vertical plane. 
Plane pwdn is the plane of contact of all balls with the 
inner race or cone. Line ap is the axis of rotation of 
either the cup or cone (axis of shaft). Line add’ is the 
line of ball contact extended to intersect the axis of rota- 
tion ap. Line esd is the line of load application as ap- 
plied to any ball. Plane vwdz is perpendicular to the 
plane of ball contact pwdn and contains the line of load 
application esd. 

Angle 8 is the angle of ball contact. Angle 6 is the 
angle of load application (angle between load applica- 
tion line and plane of balls and cone contact pwdn). 
Angle ¢ is one-half of that portion of the ball center 
circle through which any ball carries a part of the load 
and varies with the angle 6. 

Angle w» is the supplement of the angle between the 
line of load application and the line of ball contact. It 
ean vary between 90 and 0 deg., the ball carrying no 


load when w equals 90 deg. and a maximum load when 
w equals 0 deg. 
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To establish relationship of angle w, let 5,, = Approach of races at bottom ball in direction of 
on am load 
ty = td cos ¢ 5, Approach of races at bottom ball in direction of 
a2 = ed cos 0 contact 
RLY St eS -s 5,’ = Approach of races at next ball in direction of load 
te = ty — sz = td cos ¢ — sd cos 8 5, = Approach of races at next ball in direction of con- 
zd = sd sin 0 tact r 
le tuty a = Angle between balls in vertical plane 
yd = td sin ¢ = Angle of contact 
sx = zy = Vv zd + yd —22zdydcos) by trigonom- ’ = a Soon line of load application and plane 
eg he a | nai w Angle between line of load application and contact 
sa = V sd’ sin’ é + td sin? ¢ — 2 sd td sin 4 sin ¢cos lines 
st = Vta* + sa” | 
st= V td’ cos’? — 2 td sd cos¢ cos + sd’ cos’é + sd° Ball 5 
Preeam. eras. arenrereeneees of -— 
sin’ 6 + td* sin’ ¢ — 2 sd td sin 9 sin ¢ cos A Bali yy, i Ball 4 
— [_—— —s= — 
st = Vsd (sin* 4 + cos’ 6) + td* (sin’ ¢ + cos? ¢) — f 
=—= = Ball 7 ™ 
2 sd td (sin @ sin ¢ cos A + cos ¢ cos 4) a 
st = V sd? + td’ — 2 sd td (sin @ sin ¢ cos X \ \ ow 
So \ Ball 8} 1Ball 2 
+ cos ¢ cos @) \ ~ — 
Se a — \ “S Ball1) 74 p 
wd = pn = pd cos p = ad cos § cos p p SS 
wd ad cos 6B cos p 
m6 SS SS “~a — Cos £ COS 0 (8) nF 
a ad 
cms sccm: aber Fic. 6 
vw —ap—adsin§ alti 
aw =ad sin ¢ From equation (12). 
vw “ad sin 8 sin B cos w = sin 9 sin 8 + cos 8 cos p cos 4 
witose = 2" = —— (9) “oe rere Saas 
aw ad sin ¢ sin ¢ Referring to Fig. 6, which shows direction of individual 
— < 2S “22%.  -c ball loads: 
st= Vsd’ + td’ —2 sd td (sin @ sin 8 + cos cos p sall loads 
em 10 P =P + 2P,'4+-23.P, +..2FP,’ (14) 
cos ¢) ak (10) ve P, cos # — P, (sin 9 sin 8B + cos @ cos 8) = P, cos 
st = Vsd' + td’ — 2 sd td cos w (11) ; ers : : (15) 
: . P,' = P; cos », = P, (sin @ sin 8 + cos 8 cos 8 cos a) (16) 
cos w = sin @ sin 8 + cos § cos p cos 4 (12) P,' = P, cos &, = P, (sin 9 sin 8 + cos cos 8 cos2a) (17) 
",#w are cos (sin 8 sin 8 + cos 8 cos p cos @) (13) 


Angle ¢ can be considered as being made up of mul- 
tiples of the angle «. 


Equations (12) and (13) show the relationship existing 
between w, 9, 8 and ¢. For any angular-contact ball bear- 
ing having a given number of balls and a fixed angle of 
contact, the angle 8 is known. If we consider angle 4 
as varying from 0 to 90 deg. or from a pure radial to a 
pure thrust load, it would be entirely possible to estab- 
lish for each value of 6 the corresponding value of 2¢ 
in degrees of the ball center circle, through which a 
ball would carry a portion of the load; for when w be- 
comes 90 deg. the ball ceases to carry any of the total 
load. Knowing the number of balls in the bearing, 
angle « is known and we can at once find how many balls 
are under load for each corresponding value of the 
angle 0. 


DETERMINING THE LOAD-CARRYING CAPACITY 


Using the above established relationships, we have the 
tinal problem to establish an equation for the load-carry- 
ing possibilities of an angular-contact type ball bearing in 
terms of known quantities. In this case, let 


P =Total resultant load on one ball row 

P,’ = Load on bottom ball in direction of load 

P, = Load on bottom ball in direction of contact 
P,’ = Load on next ball in direction of load 

P, = Load on next ball in direction of contact 














Referring to Fig. 7, which shows approach of races: 











6, — 5,’ cos w, = 5,’ cos (9 — B) (18) 
5, = 5,’ cos , 5,’ (sin 4 sin 8 + cos @ cos 8 cos a) (19) 
5, = 4,’ cos w, = 5,’ (sin 9sinf + cos@cosBcos2a) (20) 
Also, 
Ses & =... (21) 
From Hertz: 
3 ee P; Py : 
* Pt ye t- (22) 
ee eth. oe 5, Sy : 
cos w COS &, COS , COB Wy (23) 


ee 






, cos w, 6, 


0; 





~ COS , 


re 
P? a a> 


5,” cos® #, 5,” 


_ cos’ #, 5, P,? __cos* w, P,’ 


“cos® Wy 








(24) 


cos *% w, P, 


ye . 
COS 72 &, 


and 


(25) 
c08 Hw Pe 
cos 32 w, 
By substitution equation 14 becomes 


P; 





(26) 


P = P, cos », + 2 P, cos », + 2 P; cos w, + ...2 Pn cos &y 
(27) 


2 P, cos % w, 


2P cos ™%», 
P = P, cos », +- - 





cos 32 w, cos 32 w, 
2 P, cos % wy 
cos? w, 
Where » is such that cos won = 0 
2cos*w,  2cos*%»w, 2 cos *%w 
P=P.{ cos», +—_— —; : ——,—" 
COS 72 W, COS 72 W, COS 72 W, 


2 (sin 6 sin 8 + cos @ cos 8 cos a2) % 











P=f5 eons (@— Bp) + <8 % (0 —B) 
cos #2 (@— B) 
2 (sin 4 sin 8 + cos 8 cos f cos my”) 
cos *% (6 — B) 
P=P,! cos (9 — 8)+ 7 


( 


cos %2 (@—B) 
| (sin 6 sin 8 + cos 8 cos 8 cos a) + 


(sin @ sin 8 + cos 9 cos 8 cos 2a) +... 


| 


(sin @ sin 8 + cos 8 cos B cos na) % f (28) 


As a check let 6 and 8 become 0 as in a radial bearing, 
then 
P=P,[1+ 2 (cos *%a+ cos®2a+... cos % na) ] 
P=P,(1+2cos%a+2cos%2a-+...2 cos % na) 
which is the same as Stribeck. 

Referring to equation (28) we can readily see that 
for any one value of the load angle 4 all other quantities 
are known and by solving this equation for bearings 
containing ten, fifteen and twenty balls, and letting 4 
vary through 90 deg., we shall arrive at a variable fac- 
tor which has a fixed value for each corresponding value 
of 6. Plotting these values of the variable factor against 
degrees of the angle of load application 6 through 90 
deg., we have a curve from which, when we know the 
angle of load application, we can pick the proper value 
of one of the principal bearing load factors. 

In Fig. 8 we have a curve showing the variable factor 
K as ordinates against values of the load angle 6 as 
abscissa for a very popular line of 100 per cent thrust 
angular-contact type of ball bearing. The values of K 


are the average of bearings having ten, fifteen and 
twenty balls. 
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Referring to equation (5) we have the reciprocal of 
the number 0.229 which is the average value of the con- 
stant from the Stribeck equation for radial or annular 
ball bearings having ten, fifteen and twenty balls. The 
value 0.229 represents in the Stribeck equation for an- 
nular bearings, the same factor as the variable factor 
K represents for this particular make of angular-con- 
tact type ball bearing. 

As a matter of passing interest, we have shown in 
Fig. 8 this value of 0.229 as a dotted line to bring out 
the fact that for some load angles this bearing will 
carry a greater load than the same size of annular bear- 
ing can carry even as a pure radial load. 

Just a few words describing the use of the curve 
Fig. 8. All speed load catalog ratings are given as 
pure radial loads, and the corresponding value of K 
would be 0.221. Now, supposing the angle of load ap- 
plication happens to be 25 deg., the corresponding value 
of K would be 0.24, and in selecting the proper size 
bearing from the catalog rating we would multiply the 
resultant load by the difference between 0.240 and 0.221 
subtracted from 0.221 over 0.221 or 


[0.221 — (0.240 — 0.221)] | 
0.221 
Load = 0.914 & Resultant Load 
In case the load angle proved to be 85 deg. 
[0.2210 + (0.2210 — 0.1675) ] 
0.2210 . 
< Resultant Load = 1.242 X Resultant Load 


After a careful study of this curve we can see that 
when the load angle is less than 48 deg. we really have 
in this angular-contact type ball bearing a very excel- 
lent load-carrying device. 


Catalog Load = < Resultant 


Catalog Load = 


NEW BRONZE ALLOY 


NORWEGIAN iron foundry has undertaken the pro- 

duction of a new bronze alloy which is especially suited 

for bearing brass, armament and different parts of machin- 
ery, as well as for welding and rolling. 

The new alloy is called M-bronze and is recommended by 


the Industrial Supply Department as a substitute for the 
bronze alloys previously employed. The Drammen iron 
foundry has taken up the production and the daily output is 
1000 kg. The inventor of M-bronze is Capt. Bull, chief en- 
gineer of the Naval Mine Department.—Tidens Tegn. 
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The Future Passenger Car 


By Henry M. Crane! (Member) 





N the first place, I am thoroughly convinced that we 
are not moving toward a single standard type, but 
that in the future there will be practically as many 

different styles of cars as at present. The varying tastes 
and requirements of different people are such, that with 
human nature as it is, we will see no great change in this 
direction. On the other hand, the passenger car is being 
considered more and more from the sole point of view 
of a means of transportation, and with less regard as 
to what might be called its sporting characteristics. We 
are, therefore, seeing the so-called open car, which in the 
early days was the backbone of production, being re- 
placed more and more by cars with various types of closed 
bodies. It is easy to remember when the completely en- 
closed car, such as the sedan, was extremely rare. To- 
day, it is a standard body type in quantity production on 
cars of practically every grade of price. 


TREND TowarpD LIGHTER WEIGHT 


While there has been a continuous effort toward ob- 
taining lighter weight, it has barely been possible in any 
given car to make up by superior chassis design for a 
constantly increasing weight of body and equipment. 
Electric starting and lighting and power tire pumps 
have had to be provided for, while the use of closed bodies 
has made absolutely necessary a very considerable in- 
crease in the weight of chassis frames. Furthermore, the 
demand for quietness combined with durability has made 
it difficult to lighten any of the principal parts of the 
power plant and driving gear materially, some parts such 
as crankshafts being heavier than ever before. The call 
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TWO-CYCLE VERSUS FOU 


ROF. G. Belluzzo, who deals with the design and con- 

struction of Diesel engines in a course at the Turin 
Polytechnic and who has had considerable experience with 
both the two-cycle: and four-cycle types, discusses the ques- 
tion from the standpoint of efficiency, suitability and life of 
the engine in a recent issue of L’Jndustria. 

He states that a two-cycle stationary Diesel engine which 
has to last as long as one of the four-cycle type and also 
have the same kinematic characteristics will occupy the same 
volume and weigh nearly as much as the four-cycle unit, 
while consuming 4 to 5 per cent more fuel. In the applica- 
tion of the Diesel engine in marine practice other circum- 
stances must be considered in comparing the two types, espe- 
cially that the maximum power is developed, particularly in 
merchant ships. In merchant ships the difference between 
the normal output and the maximum power is very small, 
but this difference in submarines and similar vessels is as 
1 to 2. From this standpoint the advantage rests with the 
two-cycle engines, since if they are required to run at their 


SEMI-ANNUAL MEETING PAPER 
for easier riding has made necessary a continuous in- 
crease in the weight of springs. 

We have only to look at the railroads to see a very close 
parallel to this condition. Since the early days there has 
been a steady increase in the weight of passenger trains 
per passenger carried, because of the demand for greater 
luxury and greater safety. We may be approaching a 
limit in this direction, due to the clearances on our stand- 
ard railroads, but I think that this is the only reason. 

IMPROVEMENT IN QuALITY ExPEecTED 

I hope to see in the near future a very considerable im- 
provement in the quality of our production, both as to de- 
sign and workmanship, in all grades of cars, due to much 
greater attention being given to ease of maintenance and 
economy of operation than has ever been given in the 
past. Many of our lower priced cars are far more ex- 
pensive to operate than they should be, in view of their 
light weight. It seems to me that a car in ordinary ser- 
vice which will not give from 25 to 35 ton-miles per gal. 
is open to serious criticism, in view of our failing supply 
of gasoline. In the future, cars requiring more than 1 
gal. of engine oil for each 100 gal. of gasoline are not op- 
erating with an economy that should be readily obtainable. 

I think that we will see an increased use of oil for lu- 
bricating other chassis parts outside of the engine, and 
that this use will be simplified, as it has been in many 
other commercial lines, by a design allowing for carrying 
a supply of oil at the various points required, which will 
need only occasional replenishment. 

We will also see a continuous improvement in the de- 
sign of enclosed bodies, making for greater comfort and 
better protection against the weather and dust, as well 
as for greater durability, and freedom from rattles, 
squeaks and other objectionable noises. 


R-CYCLE DIESEL ENGINES 


maximum load for a short time only, it is evident that they 
can be so proportioned as regards cylinder dimensions and 
fuel burned as to obtain a mean diagram pressure nearly 
equal to that given by a four-cycle engine. The war has 
shown, however, that Diesel engines have to work for ex- 
tended periods at full load and thus the advantage of the 
two-cycle engine disappears. Even admitting that with the 
mean diagram pressure it is possible to attain a value 30 per 
cent below that of the four-cycle and that the two-cycle en- 
gine may take up less space and be lighter than the four- 
cycle, it must be recognized that the two-cycle type con- 
sumes a larger quantity of fuel per horsepower-hour and 
that if the fuel question is an important one the field for 
the two-cycle engine is more restricted than for the four- 
cycle. There is, however, the further advantage in favor 
of the two-cycle engine when used on vessels that it is easier 
to reverse and work, although this apparent advantage will 
be outweighed when designers devote the attention to the 
four-cycle engine that it deserves. 
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Rust Prevention 


By Epvwarp T. Brrpsa.u! 
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HE sight of a piece of rusty iron or steel fails to 
attract the attention of the average person. It 
may cause an engineer to give it a second hasty 
glance. The owner of the material regards it as a neces- 
sary evil and lets it go at that. The fact that it is add- 
ing to his daily expenses and costs seldom occurs to him. 
It is estimated by the Government experts that several 
hundred thousand tons of iron and steel are converted 
into rust annually, not to mention the other losses inci- 
dent to the replacement of the rusted parts, defacement 
of adjacent parts, etc. 


Wauat Is Requirep or A Rust PREVENTATIVE 


Much effort has been expended by inventors and in- 
vestigators in the search for an efficient rust preventa- 
tive, but the one that will completely fill all of the re- 
quirements has yet to be found. To be of universal appli- 
cation it must first of all be extremely cheap, and, sec- 
ond, easy of application. With these fundamentals in 
mind hundreds of kinds of paints or applied coatings 
have been devised and sold to the public. The rust-proof- 
ing virtues of most of these as exploited in advertise- 
ments and by enthusiastic salesmen are limited only by 
their command of the English language. 

It is pretty well acknowledged at present that iron rust 
is caused by an electrolytic action between the various 
constituents of the iron or steel in the presence of mois- 
ture and impurities and that this is a continuous process; 
that is, a coating of rust does not protect the metal under- 
neath it. For this reason paints or applied coatings only 
protect the metal from rust when they are air and mois- 
ture proof in themselves, and when their surface is not 
broken. If the surface of the metal is exposed by a 
scratch in the paint, the corrosion at once starts, and, 
spreading under the coating, gradually loosens it, with 
consequent flaking off. This also occurs with any metal- 
lic plating with a metal that is electropositive to iron. 


Rust-PRooFING PROCESSES 


The most familiar rust-proofing processes are as fol- 
lows: 


COLD PROCESSES 


Oiling and greasing 

Painting or dipping 

Copper, nickel, brass and zinc plating 
Spraying wtih molten metal (Schoop process) 


HOT PROCESSES. 
Japanning or enameling (300 to 500 deg. fahr.) 
Coslettizing (212 deg. fahr.) 
Parkerizing (212 deg. fahr.) 
Guerini (212 deg. fahr.) 


HIGH-TEMPERATURE PROCESSES 
Hot galvanizing (850 deg. fahr.). 
zinc 
Tinning (500 to 550 deg. fahr.). Dipping in molten 
tin 
Lead coating (700 deg. fahr.). 
lead, or lead and tin (Terne) 


Dipping in melten 


Dipping in molten 
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Lohman process (640 deg. fahr.). 
alloy of lead, tin and antimony 

Bower-Barff (1500 deg. fahr.). Black oxide formed 
by exposure to steam and hydrocarbon gases 

Sherardizing (950 deg. fahr.). Exposure to zinc dust 
in retorts 

Gesner process (1299 deg. fahr.). 
Bower-Barff 

Bontempi (1000 deg. fahr.). Uses various fumes, 
such as oil gas, zinc, etc., in retort, resulting in the 
formation of a black oxide 

Enameling, vitreous (1500 deg. fahr.). 
glass is sprinkled on and melted in a muffle 


Dipping in molten 


Modification of 


Powdered 


APPLICATION TO THE AUTOMOTIVE INDUSTRIES 


The principal requirements of a_ rust-prevention 
process as applied to automobiles, aircraft and other 
machined and hardened parts are: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


Prevent rusting under normal use 

Not allow the rust on an abraded spot to spread 
Not change the dimensions or fits 

Not alter in the slightest the physical properties 
Be permanent for the life of the article 

Be easy and quick of application 

Be commercially practicable as to cost 


Requirements (3) and (4) at once eliminate the high- 
temperature processes, while requirements (2), (3) and 
(5) eliminate the cold processes and also japanning. 

Of the remaining three hot processes, Coslettizing 
and Parkerizing are closely allied. Parkerizing is based 
on the Coslett process, which was developed in England, 
but has been vastly improved and rendered commer- 
cially practicable by American chemists. The Guerini 
is a picriec acid process, little known outside of Italy, 
and no data as to its cost or other characteristics are 
available. 

Metal platings, with the exception of zinc, do not fill 
the second or third requirements. Zinc plating, on the 
other hand, is liable to be porous and the zinc itself will 
oxidize unless protected by a weather-resisting varnish. 
All the other plating metals that can be used commer- 
cially are electronegative to iron and will flake off if 
the coating is abraded. 

Parkerizing, if thoroughly done according to the 
latest methods, fills the above requirements better than 
any other process now in commercial use. As to its per- 
manence the experience of 3-yr. use seems to indicate 
that under normal conditions of exposure it is practically 
permanent. It is well known that polished plated sur- 
faces do not hold paints or varnishes well. A Parker- 
ized surface seems to be particularly well adapted to take 
paint or varnish which are abraded with great difficulty 
when dry, and since it also meets the second require- 
ment almost entirely there is no danger of flaking even 
if the surface should be abraded. 

It is hardly to be expected that any one process will 
meet all the varied requirements, as many of them are 
contradictory, especially as to the character of the fin- 
ished surface and color. For example, vitreous enamel- 
ing is much used for kitchen utensils and street signs, 
but is absolutely unsuited for aircraft or automobile 
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parts. Hot galvanizing and tinning also have applica- 
tions for which a substitute will be very difficult to find, 
such as parts that have to be soldered. Processes that 
are limited to a black color cannot be used on articles 
on which this color is objectionable. It would seem 
therefore that until a universally applicable process is 
discovered the engineer must select from the available 
processes the one that is best adapted to the require- 
ments of each machine or part. 


Tue Discussion 

W. MACGLASHAN:—I note Mr. Birdsall’s statement 
that vitreous enamel coating is absolutely unsuitable for 
aircraft or automobile parts. It is to be noted that the 
Cadillac Co. has used vitreous enamel coated exhaust 
manifolds very successfully for several years. We have 
tested out this same coating, and as far as ordinary 
driving temperature is concerned it works out satisfac- 
torily, although in the laboratory this coating cannot 
stand a high-temperature test. We have tried other coat- 
ings for exhaust manifolds, but have found nothing that 
really works out entirely satisfactory. 

Parkerizing will not stand up under the high tempera- 
tures. Neither will sherardizing as far as a permanent 
rust-proofing is concerned. Our experience has been 
that sherardizing has worked out most permanently as a 
rust-proofing wherever applicable for automobile use. 
The Parkerizing of such parts as cap screws and nuts 
which are scratched or abraded under the application of a 
wrench does not stand up as a rust-proofing when com- 
pared to sherardizing. 

Also it is to be noted that sherardizing will buff to a 
beautiful finish which is difficult to tell from a good job 
of nickel plating. 

J. C. HUNSAKER:—Our experience shows that steel 
treated with the Parker process will stand usually not 
over 25-hr. exposure to the salt spray test before corro- 
sion is apparent, while steel seaplane fittings treated with 
zinc will stand at least 100-hr. exposure to the same test. 

R. Hurr:—It seems that Mr. Birdsall has gone into the 
question of rust prevention quite thoroughly, yet in a 
very condensed form. The Parker rust-proof process is 
very good for certain requirements, but cannot be applied 
universally to all automobile parts. In the construction 
of the Dodge Brothers’ car we find it necessary to use 
high baked enameling, tin, electro-zinc plate and lead 
coating processes as well as hot galvanizing, copper and 
nickel plating, besides the ordinary painting methods. Up 
to the present time we have never used the Parker process 
coating on any of the parts of the Dodge Brothers’ car, 
but at the present time we are making a careful inyes- 
tigation of the merits of this process. 

M. W. HANKS:—Mr. Birdsall’s paper on protective 
coatings for rust prevention is very interesting and his 
classification for cold, hot and high temperature processes 
is very good. His statement that the rusting of iron is 
caused by electrolytic action between the various con- 
stituents of the iron or steel in the presence of moisture 
is disputed by some authorities, but it is generally con- 
ceded that the electrolytic action plays the most impor- 
tant part. It is interesting to note that the corrosion of 
cast iron is not so very marked, but when you purify the 
iron, as represented in the Bessemer and other processes 
producing steel, the corrosion is very much more marked, 
although it is, I believe, conceded that there are less im- 
purities in the steel than in the cast iron. I believe 
chemically pure iron is nearly rust-proof, but it is also 
possible te oxidize chemically pure iron, making iron ox- 
ide; and this process is, as far as I am able to learn, not 
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an electrolytic one. In view of this, it would seem that 
there are other elements than electrolysis that influence 
corrosion. 

The real features of the paper refer more particularly 
to protective coatings than to the character of the steel 
or iron which is to be protected. In a protective process 
where metallic coatings are used, it is important that it 
be electropositive with reference to the article being 
coated. Mr. Birdsall says that the electropositive plating 
causes trouble, but it is possible that he does not mean 
to convey this idea. 

In regard to the protection of iron or steel when 
painted or dipped, it is interesting to note that painting 
or dipping does not give a coating that is impervious to 
moisture, although it is recognized that a good coat of 
paint or varnish will materially retard corrosion. An evi- 
dence of the moisture drift through paints and varnish 
is the fact that a piece of wood dried down to 8 per cent 
moisture and given four or five coats of the best varnish, 
will assume under normal conditions 15 or 16 per cent 
moisture when exposed in a room of normal temperature 
and humidity for 5 months. It is a question whether 
the moisture drift would be anything like this in the 
case of varnish over steel, as the steel has no tendency 
to take on or give off moisture, whereas this tendency is 
characteristic of wood, due to difference of osmotic pres- 
sure inside and outside the wood. 

The experiments of the Navy in vobtaining adequate 
protective coatings for metallic fittings led to the use of 
zinc plating almost exclusively, as it is found that this 
coating put on either electrolytically or by a hot process 
is very satisfactory. There are cases, of course, as 
pointed out by Mr. Birdsall, where it is not practical to 
use the hot process as the temperature involved would 
be detrimental to the steel. 

P. W. ABBoTT:—The list of requirements for a rust 
preventive are very. good. If some one could develop a 
rust preventive that would meet all these requirements 
he would confer a great benefit on mankind besides 
making his fortune, but such a rust preventive will 
probably never be developed. Mr. Birdsall is evidently a 
champion of Parkerizing, but I do not believe his state- 
ments about that process can be substantiated. 

It is not very often that one wants to rust-proof a part 
in which the physical properties are very high, for in 
automobile work those parts having high physical prop- 
erties are running or reciprocating parts usually exposed 
to a bath of oil or grease which keeps them from rusting. 
The parts which one desires to rust-proof are those on 
the outside of the engine or parts of the body and ac- 
cessories, etc., which do not require high physical prop- 
erties so that any of the high-temperature processes are 
applicable as far as the temperature goes. 

The statement that electro metal plating, with the ex- 
ception of zinc, does not meet the second or third require- 
ments is open to discussion, as I cannot see why zinc 
should be put in a class by itself, as electro deposition of 
zinc would certainly change the dimensions or fits as 
well as the deposition of nickel or copper, and I cannot 
see where the zinc would meet this requirement any bet- 
ter than the others. The latter part of this same para- 
graph states that the “zinc plating on the other hand is 
liable to be porous.” This is true of any plating if the 
work is not properly done. Electro zinc plating, I be- 
lieve, would be harder to apply properly than nickel plate 
but if applied properly I consider it to be superior to 
nickel plate as far as protection goes. However, it does 
not give the finish that nickel plate does. 

For automobiles, about the cheapest and most practical 
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RUST PREVENTION 


method for bright finished parts is nickel plate over a 
good copper plate. For fenders and bulky articles, enam- 
eling is the best of the practical processes, and I believe 
that it comes nearer to fulfilling all of the requirements 
of a corrosion preventative than any of the others men- 
tioned. If done properly, they will prevent rusting under 
normal use. No process that I know of or no process 
mentioned in this article will prevent the spreading of 
rust on an abraded spot. In regard to rust preventatives 
changing the dimensions or fits where parts which are to 
be plated fit close enough that the plating will affect 
them, allowance can be made for the plating in making 
the parts. On threads, the practice is to allow 0.002 in. in 
diameter for a copper and nickel plated part. Parts 
which one desires to rust-proof are parts that very sel- 
dom have high physical properties which high tempera- 
ture will affect. As far as permanency goes, the nearest 
ally spread and merge into one big one. Then reenamel- 
ling and repainting are in order. 

Hot galvanizing 

Tinning 

Lead coating or terne plating 

Sherardizing 

Vitreous enameling 


All of the common methods of rust prevention are easy 
and quick of application; the vitreous enameling being 
about the most costly and taking the longest. There are 
some processes mentioned among this list that I am only 
familiar with by reading descriptions and articles on 
them, never having seen them put into actual practice, 
such as the Schoop process of spraying with molten 
metal, Coslettizing, Lohmanizing, Guerini, Bower-Barff, 
Gesner and the Bontempi processes. All of the well. 
known methods in use are commercially practicable as to 
cost with the exception of these that I have just quoted, 
of which I am not familiar with the practical application. 

I take exception to Mr. Birdsall’s statement that Park- 
erizing if thoroughly done according to the latest methods 
meets the requirements better than any process now in 
commercial use, as I never saw anything permanent on 
any of the Parkerizing that he has seen done unless it 
was kept oiled or greased, and if it is kept oiled or 
greased it might as well be left bare. Continued tests on 
material which the original Parker plant rust-proofed 
for us at the Cadillac Co. showed that they rusted badly 
with a very short exposure to the weather. 

The only use that the Parker process will fill, in my 
opinion, is as a coloring process to use on mechanism 
that is to be constantly kept in order and wiped off clean 
with oily rags, etc. It cannot be compared for perma- 
nency with any of the plating processes, as it is purely 
and simply a coloring process. 

As far as its cost goes, I remember one particular item 
which was an assembled conduit consisting of some mal- 
leable iron elbows, steel tubes and flexible steel conduits, 
brazed together, which we had the Parker original plant 
rust-proof for us. I found that we could have made the 
whole assembly out of brass and bronze cheaper than we 
made it out of steel and had it Parkerized. 

Mr. Birdsall speaks of vitreous enameling being much 
used for cooking utensils and street signs but being ab- 
solutely unsuited for aircraft or automobile parts. This 
is true in some cases, but in my experience I have only 
seen one method of finish on exhaust manifolds for gas 
engines which was any good, and that was the one which 
we used at the Cadillac plant, which was vitreous enamel, 
or, as we called it, porcelain enamel. The heat did not 
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affect it, and its appearance was always good and the 
finish permanent. This process, of course, is not ap- 
plicable to very many parts of an automobile. 

MR. BIRDSALL:—The general trend of the discussion 
shows that the gentlemen are only familiar with the 
Parker process as produced by the original company in 
Detroit some years ago. Since then great improvements 
have been made both by them and the Cleveland plant, 
with which I am more familiar, having had work done 
there for the last 18 months. In regard to the strictures 
on the process by the gentlemen from the Cadillac com- 
pany, I learn that there were some failures connected 
with their work in the early days of the process. It 
seems pretty well agreed that no one process will fill all 
requirements, and that all processes fall down under 
block test conditions. As to abrasion, none of the proces- 
ses will stand much of this and not suffer. Nickel plated 
nuts are conspicuous offenders. 

I know that the salt-spray test is recommended by the 
Government, but it seems to me that it would be more to 
the point to employ a test that more closely simulated the 
actual working conditions under which the piece was to 
be used. Anti-rust processes that will stand up on ship- 
board will not stand the salt-spray test. We do not op- 
erate our machines in salt-spray test boxes but on the 
road where the conditions are somewhat different. 

As to the exact cause of rusting, it is somewhat like 
the cause of rheumatism, the best of doctors disagree. 
It may be of great value to know that pure iron will not 
rust, but neither will gold nor platinum. The knowledge 
in both cases is equally valuable. 

The statements I made in regard to the Parker process 
are being substantiated in the Cleveland plant every day 
on millions of pieces used in a great variety of manu- 
factures. As to exhaust manifolds, they have a second 
process through which the manifolds are put after the 
usual Parkerizing, and they seem to stand up in regular 
use but not on block test. If a Parkerized piece, such 
as a fender, is enamelled, the rust on an abraded por- 
tion absolutely will not spread under the enamel and 
flake it off. I have proved this to my complete satisfac- 
tion. 

The use of undersized bolts and oversized nuts to al- 
low for the thickness of any metallic plating I regard as 
a makeshift and liable to lead to distressing arguments 
with the plater and the inspection department. 

As to the oiling of the Parkerized pieces, this is not 
done to make them rustproof but to neutralize the pro- 
cessing acid remaining in the pores of the metal and the 
coating. I have seen unoiled pieces that have hung on 
the side of a building for months without showing rust. 
As to permanence, it is certainly more permanent than 
any other process of equal cost. Pieces buried in the 
ground and exposed on roofs for over a year are still in 
good condition and also free from oil. 

If simply a black color is desired, there are many bet- 
ter and cheaper methods of obtaining it than by the 
Parker process. The main point, however, that I wanted 
to make was that some kind of rust prevention was de- 
sirable and necessary to keep the parts of cars and trucks 
in good order and presentable condition. The average 
car user exposes his machine constantly to all kinds of 
weather and has not the time to doctor up every little 
spot of rust as it appears. Consequently in a short time 
the car seems to have a bad case of freckles which gradu- 
ally spread and merge into one big one. Then reenamel- 
ling and repainting are in order. 
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Class B Rules for Tractor Tests 


ITH a view of bringing about uniformity in tractor 

demonstrations and making them productive of re- 
sults which will prove of value to both the builder and the 
user of the machine, the American Society of Agricultural 
Engineers has compiled and copyrighted two sets of rules. 
The Class A rules, which are intended to govern local dem- 
onstrations, were printed in the June issue of THE JOURNAL, 
while the Class B rules, which are given below, are de- 
signed to govern State or national demonstrations conducted 
by manufacturers, distributers, dealers, agricultural institu- 
tions and county agricultural agents. 


Data SHEET FOR TrRaAcToR Tests—C ass B 


EE I POET ee a ee 
TRACTOR DATA 
Name and model of tractor ............ Serial No...... 
NOS odc.c Sad wake be 5 No. of bottoms........ 
Or eet re TE FOO GME PGFNOESs «6.05 cose. 
a aie he dis lak tei’ ai ei a a gid 
FIELD DATA 
I 2 or eC ee Ue Cc oo ood € wi o.dlesee's-é 
Condition: Wet........ et | i. See 
Character of land: Level.......... UE. cists adie se 
EES NR EP 


PLOWING DATA 


Length of field (headland to headland), ft. ............ 

Width (edge to edge of furrow, less width of land plowed 
ee a chal Cones Adie Bie imme ee 6.6 4% 
Note—All lands for economy tests to be within 10 per 

cent of the same length. (See instructions) 

Average depth of plowing 

I, i ini nits Os wm awidie + + ee-0,0.0:0 

Total time of plowing. ..-hr.,....min. Time out... .min. 

Duration of test Pe eeene min. 

OE 8 re ft. per min. 


oe ee eee eee eee eee eee eee eeeee 


Gal. of kerosene used...... Gal. of gasoline used...... 
a & eee EES SECC Cee 
Water used: Radiator ........... 0 
Fuel used per acre: 
ED 4a) oo co bt oie Ceat of fuel per gal... ....0. 
eee Cost of fuel per gal......... 


EE EE SE re ee ee 
Average drawbar horsepower ...........seeceeeeeeees 

Drawbar horsepower to be based upon rate of travel 
during fuel test. 


Fuel used per drawbar horsepower hour........... gal. 
Rvues ror Maximum Brake Test 


Rules 1 and 2—Governing plowing tests of Class B, 
apply also to this test. 

Rule 3—Time—Each entrant will. be given 2 hr., if 
necessary, in which to make adjustments and trials be- 
fore starting the brake test. Duration of brake test will 
be 2 hr. continuous running. 

Rule 4—Fuel—The same fuel used in plowing test 
must be used in this. 

Rule 5—Speed—The belt pulley should be run within 
10 per cent of its rated speed. 

Rule 6—Equipment—(a) Prony brakes will be used 
which will all be of the same design and will be cali- 
brated before the tests. These brakes will be of ap- 
proved design, water cooled, equipped with a continuous 
revolution counter and well mounted. 

(b) The belts used will be 5 and 6 in. rubber belts 80 
ft. long and 7 and 8 in. rubber belts in 100 ft. lengths 
and will be furnished by the committee. 

Rule 7—Altitude and Temperature—aAll results will 
be reduced to a basis of 14.7 lb. barometric pressure. 
All results will also be corrected to atmospheric tem- 
perature of 70 deg. fahr. 

Rule 8—Rating—The rating recommended for the 
tractor will be based upon the results of this test; 90 
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per cent of the horsepower developed throughout the 
test will be the recommended American Society of Agri- 
cultural Engineers rating. 

Rule 9—Re-entry—If an entrant is disqualified for 
any reason, he may apply for another trial. Such re- 
quest must be made immediately. 

Note—Any necessary interpretation of all rules will 
be made by the committee in charge of the test. 





BRAKE DATA 


re 
Name and model of tractor........... Serial No....... 
ee ; Kerosene 
pas OT. Gr TOGt ORS sw... ce sean PROTONODE. 6605 castes 
R.p.m. of belt pulley ........ Pulley diameter 

Pulley face 


Brake horsepower sustaimed «oo... 6 ccc tiew ewes ct wet 
A. S. A. E. recommended belt rating (90 per cent 
2-hr. max.) 


Chairman 
Brake 
Data 


RULES FOR PLow1nG Tests 


Rule 1—Assignment—The company’s representative 
should report for assignment to the committee in charge 
of tests upon the arrival at the ground. (Note instruc- 
tion 3-B) 

Manufacturers must have tractors ready at the time 
assigned them or forfeit the privilege to that test. 

Rule 2—Entries—(a) Only one tractor of each model 
of the same make may be entered. 

(b) All tractors entered for test to be stock machines 
as regularly sold. 

(c) Each tractor should carry a prominent placard 20 
in. in height and 30 in. in width. If other size is used, 
dimensions should be of similar proportions. 

Rule 3—Duration and Time of Test—Duration of all 
economy plowing tests will be 4 hr. The time for the 
tests will be set by the committee and company repre- 
sentative when assignments are made. 

Rule 4—Position on Fields—Each entrant will draw 
for his position on the field. The plots will be numbered, 
and the number drawn entitles the entrant to the plot 
bearing that number. 

Rule 5—The Field—All lands will be of uniform 
length, and the width will be determined and marked 
before the test. 

The entrant will not be required to finish his land as 
a part of the test. Special care will be used in selecting 
the fields for tests that all conditions will be as nearly 
uniform as possible. 

Rule 6—Draft Test—Two preliminary rounds will be 
made to adjust the outfit. In the third round the aver- 
age draft will be recorded with a dynamometer, after 
which the test will start. Following the 4-hr. run, an- 
other dynamometer test will be made, and the average 
of the two will be taken as the draft during the economy 
test. 

The draft as was shown by the dynamometer will be 
reduced to the actual resistance in the direction of the 
line of travel. The angle of the dynamometer unit will 
be determined with a suitable geniometer. 

The drawbar horsepower will be based upon the draft 
as obtained above and the average rate of travel taken 
during the plowing period. A dynamometer record 
should be secured for the complete round. 

Rule 7—Fuel—The test should be made only on one 
fuel. This will eliminate the necessity of including more 
than one fuel in the final results. The fuel level in the 
tanks will be measured just before starting the test, and 
at the end of the test the fuel used will be determined. 
(see instructions) The fuels commonly used in the 
particular locality in which the test is held will be sup- 
plied the entrants from one source. The lowest type 
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of fuel available for which the tractor is recommended 
by the manufacturer should be used in the test. 

Rule 8—Water—The water used in the radiators will 
be measured by the same method as used in measuring 
the fuel. If water is used in air washer or with fuel, 
it will be kept separate from the water used in the 
cooling system. 

Rule 9—Travel—The rate of travel should be within 
10 per cent of the speed at which the tractor is entered. 
This speed is to be maintained throughout the test. 

Rule 10—Plows—The same plows with the same hitch 
and adjustments are to be used throughout the test, 
and no one will be allowed to handle or adjust the plow 
other than the operator of the outfit. 

Rule 11—Depth—The depth is to be checked every 10 
rods by the American Society of Agricultural Engi- 
neers’ (Heylman) depth gage. 

Rule 12—Width—The width cut by the plows should 
be checked at least every other time the depth is taken, 
and the operator should be made to maintain a uniform 
width of cut. 

Rule 13—Delays—If it is found necessary to stop the 
tractor due to tractor trouble more than 30 min. in the 
aggregate the test is annulled. 

Rule 14—Re-entry—If an entrant is disqualified for 
any reason, he may apply for another trial. Such re- 
quest must be made immediately. 

Rule 15—Data—aAll data will be the property of the 
individual manufacturers and of the test committee of 
the American Society of Agricultural Engineers and it 
will be made public, unless the manufacturers desire to 
withdraw the results, and then no part of such data 
may be issued later. No partial data from any one test 
may be used as American Society of Agricultural En- 
gineers’ data unless the entire results of that particular 
test are published. 

Note—Any breach of rules disqualifies the entrant. 
Interpretation of all rules and questions not covered 
by the rules shall be made by the committee in charge 
of test. (See instructions which cover and form part of 
these rules) 


INSTRUCTIONS FOR TRACTOR PLOWING TESTS 


1B—Each company should place one man in charge of 
its interests in the tests who will consult with the test 
committee for assignments not later than 1 day before 
the time of the first test. The time for the tests and 
position in the field will then be assigned. Entrant must 
have his machine in the field ready to start the test at 
the time allotted or forfeit the privilege to that par- 
ticular test 

2B—(a) Only one tractor of each model of the same 
make may be entered for the same test. (b) All trac- 
tors entered for the tests must be stock machines as 
regularly furnished the trade. No special attachments 
or accessories will be used that are not regularly fur- 
nished with the machine. (c) Each tractor should carry 
a placard giving the following information: 





ge ee te eae Dee ae 
No. of cylinders ........ OE «00+: 5 ce aaa nase eee 
Normal engine speed, r.p.m...... Travel. ..miles per hr. 


Travel. ..miles per hr. 
Travel. ..miles per hr. 

The rate of travel at which the tractor is entered in 
the demonstration should be given in bold figures in the 
upper space; the other speeds, if tractor has more than 
one speed, in small figures in the lower spaces. 

3B—To get any reliable and comparable data, it is 
necessary to have the tests of the same length. Ex- 
perience has demonstrated that short tests are seldom 
satisfactory and results have little meaning to the 
practical man, hence tests of 4 hr. are recommended. 
The time for the tests will be arranged by the company 
representative and the committee at the time of assign- 
ment. 

4B—The entrant will draw for his position in the 
field at the time assignment is made. The plots will be 
numbered and the number drawn entitles him to the 
plot bearing that number. Special care will be used in 
selecting the fields for tests so that all conditions will 
be as nearly uniform as possible. 
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5B—The land will be laid out with headlands of suffi- 
cient width for turning and all lands will be within 10 
per cent of the same length. This is done to place all 
tractors as nearly as possible on the same basis. 

Stakes will be set up at both ends to indicate the 
starting line and the entrant may place as many inter- 
mediate stakes as he desires. He will be required to 
make a straight furrow in starting out and should main- 
tain an even width throughout the test. 

6B—Two preliminary rounds will be made to adjust 
the outfit. The dynamometer will be used the third 
round and the average draft will be recorded. Follow- 
ing the outfit on the third round, the observer will place 
at intervals of 10 rods small stakes to mark the inner 
edge of the furrow bottom. 

A link of equal length to the dynamometer unit will 
be placed between the plow hitch and tractor drawbar so 
the plow adjustment will not be disturbed when the 
dynamometer is used. 

At the end of the third round, the dynamometer will 
be disconnected, the fuel measured and the test started. 
The final width will be obtained by measuring the width 
plowed, from outside to outside edge of furruw, meas- 
ured every 10 rods as indicated by mark stakes, and 
then deducting the width betwevn the mark stakes which 
is not included in the test. The rate of travel during 
the dynamometer test should he the same as during the 
plowing period. 

7B—Befovre the test commences the fuel tanks will be 
filled to the top with tractor set level. The run will be 
made on one fuel only to eliminate the necessity of in- 
cluding two fuels in the final result. If kerosene is to 
be used, the motor may be warmed up on gasoline and 
the fuels switched just before starting the test. The 
fuel will be supplied the entrant from a common source 
in the field. 

8B—The water will be measured by the same method 
as used in measuring fuel. The water used in the cool- 
ing system will be keyit separate from that used with 
the fuel and air washer. 

9B—The rate of travel will be adjusted in the prelim- 
inary rounds so as ti come within 10 per cent of the 
rated speed. 

The same rate of travel should be maintained through- 
out the test and the observer will keep an accurate 
check on this by timing every second round, excluding 
the time required in turning at all stops and at the ends. 
However, the time consumed for turning at ends will 
be included in the plowing time. 

10B—The plow will be adjusted in the two preliminary 
rounds and no charge of adjustment will be permitted 
during the test and including the first preceding and 
following rounds when the dynamometer tests are made. 

11B—The depth will be checked every 10 rods in order 
to obtain accurate average of the depth plowed. These 
distances will be indicated by mark stakes. 

The plow will be set for the proper depth before the 
test is started and that depth maintained throughout the 
test. 

12B—The width cut by the inside plow will be checked 
by the observer at least every second time depth is taken 
and the operator will be required to maintain an even cut. 

13B—If in the aggregate it is found necessary to 
stop the tractor more than 30 min., the test is annulled. 

14B—This rule, at the discretion of the committee, 
provides an opportunity to re-enter an outfit that has 
been disqualified. 

15B—Much of the data will be available and turned 
over to the company representative promptly at the 
completion of each test, but the committee reserves the 
privilege of checking it and will submit the complete 
results in standard form before 10 p. m., for all tests 
conducted during the day. 

All data will be made public unless a manufacturer, 
for any reason, desires to withdraw the results of some 
machine and then no part of such data may be issued 
later. 

In the statement accompanying the rules the society 
says: 

The object of these rules, instructions and data is to 
make all tractor demonstrations of this kind comparable 
and of educational value. Any one who has conducted 
tractor demonstrations in the past has realized the ne- 
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cessity of some standard rules to follow, and those who 
afterward have referred to the results deplore the lack 
of uniformity in the demonstrations and the data. 

The value of these demonstrations depends largely 
upon the accuracy of the data reported on both the con- 
ditions and results. The fuel consumption per acre, for 
instance, is much more interesting when the condition 
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of the soil is known, and this varies so often in the 
same field that the conditions for each tractor should be 
carefully considered and specified in the data. 

Fuel tests should not be undertaken unless the work 
is under the direction of a competent engineer and 
preferably representatives of the agricultural engineer- 
ing department of the State Agricultural College. 


STANDARDIZATION OF FARM IMPLEMENTS 


A FEW years ago, the responsible head of one of the large 
industrial organizations asked how many different kinds 
of tillage implements the company was making. He knew it 
was making a disk harrow, a spring tooth harrow, a peg har- 
row and a cultivator, but he wanted to know how many dif- 
ferent combinations it was possible to furnish. Offhand, the 
managers of the various departments could not give him the 
information. It was necessary to have some one to dig it out. 
What apparently was going to be a very easy job, quickly 
done, finally required the undivided attention of two of their 
best men. After an expenditure of $2,000 worth of time, a 
report was made showing that the company, which thought it 
had a very simple line of tillage implements, had more than 
1500 varieties. 

A company building wagons and marketing them in prac- 
tically every section of the country, figured out that it 
could set up 876 farm wagons with 3%-in. skein. These 
876 varieties did not include any mountain or valley wagons, 
nor any with other than a 3%4-in. skein, and every one was 
different. The same company discovered that to ship one 
standard farm wagon in one capacity, it was necessary to 
carry a warehouse stock of 1752 different front and rear 
gears. From this number of gears it would not be possible 
to ship two wagons of the same specifications. 

These two instances indicate conditions which existed in 
the implement industry. Some lines were even more com- 
plicated than: the two examples cited above, many, of course, 
not so much so, yet there is no question that manufacturers 
everywhere were putting out a vast number of sizes and 
varieties for which there was no justification. 


Evits or MANy SIzEs 


The evils attendant upon this policy affected the manufac- 
turer, the implement agent and sometimes the farmer. The 
public, however, did not concern themselves much about the 
matter until the war came upon us, and then the seriousness 
of the situation became a matter of public safety. The di- 
versified manufacture entailed the necessity of carrying im- 
mense supplies of raw material, which it was found very nec- 
essary to.conserve. It required a more complex industrial 
organization to produce them. It tied up a lot of unneces- 
sary capital in raw material, parts and finished product. It 
required large warehouse space for storage purposes. For 
the dealer it necessitated carrying a large variety of ma- 
chines to meet a possible demand for one machine. It was 
also essential that the dealer carry unusually large repair 
stocks of many different parts, all to be able to supply one 
small part for a certain machine. The farmer, in his efforts 
to produce bumper crops, also might find himself handi- 
capped by inability to secure satisfactory service. The par- 
ticular part that he may have wanted was not carried in 
stock by the dealer, although the dealer had a half dozen 
parts almost like the one needed. 


What the implement industry needs and what has been 
applied to it in rather generous measure recently is a good 
dose of standardization, the kind of standardization that has 
made the automobile industry what it is to-day. Im 25 yr. 
the automobile was born, developed and standardized to that 
point where there is not a feature of the industry to-day 
which cannot be termed strictly a standardized feature. 
Methods of manufacture, designs of engine, speeds, bodies, 
equipment and methods of distribution are more standardized 
in that industry than in any other, and with all the standard- 
ization which has taken place, the individuality of the va- 
rious makes has not in any degree been sacrificed. 

It should be borne in mind that when we speak of stana- 
ardization for the implement industry we do not mean a 
loss of individuality, but rather a simplification of manufac- 
turing schedules by the elimination of vast numbers of un- 
called-for sizes and designs. Farming today is pretty much 
alike everywhere; yet to meet competition, manufacturers 
have developed various types of machine designed to satisfy 
the whims of some community or some group of purchasers 
which happens to want what was used 50 yr. ago. 


Wuat Has Been ACCOMPLISHED 


It is not a question whether standardization can be ap- 
plied to the implement industry—it has been applied with 
excellent results. The 1752 varieties of gear, which we 
mentioned as being necessary to carry in stock to ship one 
wagon, have been reduced by elimination: to 16. In other 
words, 1736 gears have been cut out. This elimination has 
gone down the entire list, tires, wheels, boxes, stakes, axles, 
all have been reduced. Formerly wagons were sold on the 
basis of skein size, which really did not give one any indi- 
cation of what the wagon might carry. Today wagons are 
sold on the basis of hauling capacity, and this is stenciled on 
the rear bolster. Is that not the way trucks are sold? Why 
not wagons? Hereafter all wagons in the United States will 
have one width of track only and that is the automobile 
width. There will be only one width of box, only two com- 
binations of wheels. 

Cream separator manufacturers, after a careful investiga- 
tion, discovered that only four sizes of machine would be 
needed to meet all consumer requirements. In the interest 
of economy other sizes have been eliminated. The silo fillers 
analyzed their field and found that they needed but four sizes 
of machine to satisfy everybody. Other sizes were cut out. 
The left-hand plow has gone by the board. It was not needed 
any more than the right-hand binder. Thus we might go 
down the entire list and in each instance find an honest effort 
to cut down the number of varieties and thereby conserve raw 
material, stocks, labor and capital—A. W. Quinn in Cana- 
dian Implement and Vehicle Trade. 











The Passenger Car of the Future 


By Herpert C. Snow! (Member) 

FTER 2 yr. of very little progress in passenger 
Az design, due to engineering war activities, the 

future seems to be filled with great possibilities 
for the working out of new ideas. In making these new 
designs, the engineer knows that he can ask the produc- 
tion department to do more difficult work than he could 
have expected a few years ago, because workmen have 
become accustomed to more accurate work. 

The most important requisites of good passenger car 
design are reliability, good performance and good ap- 
pearance. In considering reliability, more attention will 
be paid to the automatic lubrication of every moving part 
throughout the chassis with minimum trouble to the 
owner. Parts which require attention will be made more 
accessible minimizing the effort required to keep the car 
at its best and enabling worn parts to be replaced more 
readily. More owners nowadays drive their cars than in 
the past and the maintenance of these cars should be as 
simple as possible. The take-up points for the various ad- 
justments should be located so that they can be reached 
with ease. 

Limit oF ACCELERATION REACHED 


In the past 3 or 4 yr. a considerable improvement has 
been made in the high-gear performance of passenger 
ears. Acceleration and hill climbing ability has been in- 
creased to a point which might well be considered a 
maximum for practical service. A car acceleration of 
from 3%4 to 4 ft. per sec. on direct drive, at speeds of from 
5 to 25 miles per hr. with two or three passengers should 
be ample. This is equivalent to climbing an 11*% to 12% 
rer cent grade at a constant speed between 5 and 25 
miles per hr. On a lesser grade the car would have sur- 
plus power for acceleration. In addition to this low- 
speed performance, a high-grade touring car should be 
capable of a maximum speed of 60 to 65 miles per hr. 
The number of miles per gallon of fuel should also be a 
factor in the performance of the car. 

In designing a car to give this performance, the total 
weight of the car is a large factor. The weight of the 
car in turn is partly dependent on the size and carrying 
capacity of the body. The present seven-passenger body 
of a high-grade car is as large and roomy as could be de- 
sired and there should be no need for further increase in 
size on future cars. This being the case, I believe that 
the total weight of the large seven-passenger car will be 
reduced to a point between 3500 and 4000 lb. To make 
this reduction in weight without any sacrifice in dura- 
bility means the greater use of alloy steels as well as an 
increased amount of aluminum alloys. The medium size 
five-passenger car will weigh between 2500 and 3500 lb. 
and the small car between 1500 and 2500 lb. 


NuMBER OF ENGINE CYLINDERS 


The size of engine which will give the desired per- 
formance to a car of given weight is dependent on the 
gear ratio and diameter of wheels, or, in other words, the 
engine revolutions per mile. If a low gear ratio is used, 
a smaller engine can give the same performance as a large 
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engine with a higher gear ratio. However, the use of 
the low gear ratio requires a very high engine speed to 
obtain maximum car speed, and the power may drop off 
so much at these high engine speeds as to be 
insufficient to propel the car at the maximum 
speed desired. In this case it is necessary either 
to raise the gear ratio and sacrifice the low-speed 
performance or to reduce the maximum car speed. By 
using a transmission with direct drive on the third 
speed and a geared-up drive on the fourth it is possible 
still to retain the low axle ratio and have good low-speed 
performance on direct drive and at the same time to 
have a higher maximum car speed available on the fourth 
gear. The objection to this type of drive has been the 
noise of the fourth-speed gears. I believe that in the 
future this type of drive will gain in popularity. It is 
possible that the silent chain will be used in the trans- 
mission with considerable advantage in providing a quiet 
drive for the top speed. 


I believe that the engine for the large car weighing 
3500 to 4000 Ib. will have a total displacement of between 
300 and 400 cu. in. The largest percentage of these en- 
gines will undoubtedly have six cylinders. Cars of this 
class require the best that can be obtained in smooth 
running and perfect balance. The six-cylinder engine 
fills this requirement. It also gives good fuel economy 
and can be made very accessible. In the medium weight 
class I believe that this type of engine will predominate, 
but not to quite as great an extent as in the 3500 to 4000 
lb. class. The remainder of these cars will be equipped 
with four-cylinder engines for the most part, as I doubt 
very much whether there will be many eight or twelve 
cylinder engines in cars under 3000 lb. in weight. In the 
light weight class I believe that it will be about an even 
break between four and six cylinder engines. 


Taking up the design of the engine, we can look for 
the greatest improvements to be made in the cylinders, 
valve ports, valve mechanisms, manifolds and carbureters. 
With the fuels growing poorer all the time the manifolds 
must be designed to give better distribution, and more 
heat must be applied to the manifolds to vaporize the 
liquid fuel on the walls at the lower speeds. To main- 
tain good torque at high speeds, the resistance in the 
manifold, valve ports and in the cylinder around the 
valves must be kept as low as possible. At the same 
time the size of these passages should not be made too 
large, for a high gas velocity must be retained at low 
speeds. The resistance which the exhaust gases meet 
when leaving the cylinders is often very high and consid- 
erably reduces the power output. This resistance can be 
lowered by good valve location, large valve openings and 
large and smooth ports and passages. The exhaust valve 
located in the top of the cylinder-head offers much more 
resistance to the outgoing gases than the L-head location. 
With the inlet valve the reverse is true. Improvements 
in the engine of the future cars will be toward an in- 
crease in power per cubic inch of displacement, smoother 


and quiet operation with freedom from trouble and good 
economy. 

















The ignition system is also important to the satisfac- 
tory operation of the engine. The single ignition will be 
more common. While the battery has been adopted as 
the only source of ignition on a majority of cars, still the 
magneto will continue to be used, especially on the higher 
priced cars. 

The location of the transmission as a unit with the 
engine will, I believe, be the most popular. The majority 
of the transmissions will have three speeds, but I believe 
that the four-speed transmission with direct drive on the 
third speed will come into greater use. 


IMPROVEMENTS IN FRAME AND CHAssiIs DESIGN 


Improvements will be made in frame design, using deep 
section side channels and the stiffening of the frame to 
prevent weaving. We will also have better spring sus- 
pension and easier riding cars. 

There will be a general simplification of detail through- 
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out the entire chassis, including better wiring, better 
lubrication of the chassis parts, including springs and 
steering connections, the increased use of oilless bushings 
with fewer grease cups. There will be greater accessi- 
bility and easier adjustment of brakes and wearing parts. 

Body designs and styles change almost yearly. These 
seem to be toward smoother lines with fewer breaks and 
more graceful contour. The proportion of closed bodies 
used will be increased. The upholstery of the car will be 
studied to give more comfortable seating position, espe- 
cially for long tours. 

The possibilities for improvements in the design of 
the future passenger car are very great. I have just 
mentioned a few of the trends in design as they appear 
to me. There are many ways of accomplishing the de- 
sired results, namely, the production of a car having re- 
liability and good appearance and capable of giving good 
performance. 


WAR GROWTH OF BENZOL PRODUCTION 


1 OME idea of the great increase in the production of 
J benzol as a result of the war can be gathered from fig- 
ures recently made public by the British Ministry of Muni- 
tions. The statistics refer only to benzol produced by the 
coke oven plants of the United Kingdom. There are 102 
establishments equipped with by-product coke oven plants 
and these played an important part in winning the war. 
The Ministry of Munitions grouped these into different areas 
and had inspectors continually at work therein to help the 
firms in obtaining new parts when needed. The Explosive 
Department, in conjunction with the Steel Production Depart- 
ment of the Ministry, also arranged for a large number of 
ovens to be added to existing batteries. . In several instances 
entirely new ovens and recovery plants were built. 

One of the greatest difficulties encountered was in regard 
to the supply of firebricks for the ovens. The supply was con- 
siderably below the demand and a strict system of rationing 
was adopted. The plants which suffered most severely were 
those in Yorkshire, and this district received preferential 
treatment. 

The figures in the accompanying table refer to benzol pro- 
duced by coke ovens only. 

1917 
15,275,267 
33,552,791 


1918 
14,635,403 
32,162,598 


Coal carbonized, tons ........ 
Crude benzol produced, gal.... 


Average production per ton, gal. 2.18 2.18 
Coke produced, tons ......... 10,866,673 10,552,648 
Tar produced, gal. .......... 107,079,162 102,781,690 
Sulphate of ammonia produced, 

Dh. Vedinabese kek scees 125,587 134,357 
Concentrated ammonia _ pro- 

| ETae TG Ss ee Fae Sree 33,462 23,899 


The falling off noticeable in 1918 is due to two causes, first 
the shortage of coal, and second the signing of the armistice, 
after which production fell rapidly. 

The most interesting figures from the motorist’s point of 
view are those in connection with the increase of by-product 
ovens, especially the number under construction at the date 
of the signing of the armistice. It must be remembered that 
even under the most favorable circumstances the construction 
of a battery of ovens and the by-product recovery apparatus 
takes from 18 months to 2 yr. This fact must be borne in 
mind in appraising the value of the work done by the Min- 
istry of Munitions in increasing the quantity. 

The production of crude benzol by coke ovens and the num- 
ber of ovens in operation from 1913 to 1918 inclusive are 
given in the following table. The production figures with the 
exception of 1917 and 1918 are approximate. 


Year Benzol Produced, Coke Ovens in 
gal. Operation 
> ret. serre loeeeee 060——~—~—s ww www 
| IETS GENS 21,877,000 5,893 
Se sees 25,148,000 6,491 
ELS, di: svar dienes aie 31,081,000 7,719 
MEE «aid Wiite en iatarmne loves 33,552,791 8,219 
pe ee 32,162,598 8,412 


At the time when the armistice was signed there were no 
fewer than 1253 further ovens under construction. This is 
very promising for the future increase of benzol production. 
—Motor (London). 


TEMPERATURE FOR CALIBRATING GAGES 


A STANDARDIZING committee appointed at Boulogne- 

sur-Seine publishes a report on the choice of the 
temperature at which gages should be calibrated. Great dif- 
ficulties have arisen on account of the differences between 
the temperatures adopted in different countries and even in 
various parts of the same country. In France many bodies 
have standardized the temperature of 0 deg. cent., but other 
values such as 13, 16 or 18 deg. are in use. The committee is 
in favor of adopting 0 deg. cent. as generally as possible and 
gives reasons for arriving at this view. 


The arguments that a so-called room temperature should 
be chosen is open to the objection that in fact the tempera- 
ture of the rooms in which the gages are to be used varies 
considerably. Furthermore, two gages compared at 0 deg. 
cent. would not agree at room temperature unless the metal 
of which they are composed is identical. A number of rea- 
sons are given for choosing this temperature. The meter 
has been scientifically established at 0 deg. cent., and this 
temperature is easily maintained by melting ice.—Revue 
générale de l’Electricité. 
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The Relation of the Tractor to the 
Implement 








By E. A. Wurre' (Non-Member) 
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HE adapting of the tractor to our implements is 
one of the most important problems confronting 
the manufacturers of agricultural machinery to- 
day. This problem is so intricate in its ramifications, so 
all-inclusive in its scope, so fundamental in its relations 
to agriculaural practices that it is folly for any one man 
to make even a pretense at offering a final solution. Ever 
since the entrance of the internal-combustion engine into 
the tractor field this problem has been worked upon by 
our best engineers engaged in the design and building 
of agricultural implements and machinery. Field ex- 
periments have been tried on a large scale, in many in- 
stances with very gratifying results. Under the circum- 
stances perhaps the logical procedure in a paper of this 
character is to attempt to sum up briefly the results of 
the developments to date and with this as a basis offer a 
few suggestions regarding the more promising lines for 
future development, realizing at the same time that 
this problem can never be solved by theoretical discus- 
sion or laboratory tests alone. Extensive field experi- 
ments with the machines in the hands of our farmers are 
necessary before any combination can be pronounced 
successful. The subject for discussion has been stated as 
“The relation of the tractor to the implement.” Perhaps 
some people would prefer to state the problem as “The 
relation of the implement to the tractor.” In this con- 
nection it must be remembered that the tractor is a 
prime mover which generates the power.. It is the imple- 
ment which does the work. The function of the tractor is 
to operate the implement. It is, therefore, evident, no 
matter what changes may be made in our present imple- 
ments, that in the last analysis it is a question of adapt- 
ing the tractor to the implement. That is, there are cer- 
tain fundamental mechanical devices necessary for tha 
doing of farm work. The mold-board and the disk are 
standard for soil preparation work; the oscillating sickle, 
the reel and the knotter head for harvesting; the revolv- 
ing toothed cylinder and the oscillating rack for thresh- 
ing. Until some radically new inventions appear our 
problem is essentially one of transmitting power ef- 
ficiently to these fundamental devices. The methods used 
in power transmission may be changed, but the funda- 
mentals remain the same. On the other hand, it must 
be remembered that the automotive tractor occupies a 
place in the farm power field heretofore not successfully 
covered by any single prime mover. It furnishes power 
for both tractive and belt-driven machines; not only a 
single tractive machine, but a large number operated 
under a wide variety of conditions, with varying power 
demands. 
The tractor industry today is not unanimously agreed 
as to just the range of farm operations which one prime 
mover should be able to cover, but as a minimum it may 
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safely be stated that a single tractor must be adapted to 
operating soil preparation, seeding, harvesting and belt- 
driven machines. The planting of rowed crops is being 
excluded from this classification. This will leave the 
planting and cultivation of rowed crops and hauling work 
for specially designed machines such as motor cultivators 
and trucks. This classification was ably brought out 
by Finley P. Mount at the recent Kansas City S. A. E. 
dinner.’ 


SuGGESTED LINES OF DEVELOPMENT 


Looking at this problem in its broad outlines, it ap- 
pears that there are at least four definite lines of de- 
velopment for immediate consideration: 

(1) Improving the quality of materials used in trac- 

tors and implements 

(2) Increasing the mechanical efficiency of tractors and 

implements 

(3) Increasing the rate of doing work either by more 
speed or larger outfits 
(4) Combining the units in such a manner as to make 
them more convenient for one man to operate 
Standardization has not been specifically mentioned in 
the above list for the reason that, except as applied to 
certain details, too much development in this direction at 
the present time might easily prove to be a detriment as 
regards ultimate developments. The tractor has not been 
in the field for a sufficient length of time to warrant gen- 
eral standardization. 

The rapid depreciation of the present tractors and 
tractor implements leaves little room for argument me- 
garding the necessity for improving the quality of ma- 
terials used in construction. Of course, poor operation, 
inferior design and lack of coordination between 
tractor and implement are also repsonsible for a large 
part of this rapid depreciation. However, these faults 
should not be allowed to obscure the fact that there is a 
need in many instances for improvement in the quality 
of materials which with accurate workmanship furnishes 
the very foundation stone for future developments. Every 
other possible improvement must be discounted unless 
the quality of material and workmanship are such as to 
insure a reasonable length of life with freedom from 
breakdowns. Of course, there is an economic limit to 
which this development may safely be carried out, but in 
the light of past experience it is safe to say that this 
limit is not reached today. 

The advent of the tractor is gradually bringing the 
question of mechanical efficiency to the front. The pio- 
neer work in any development is a struggle to produce 
something which will work. Efficiency is a secondary 
consideration. With the tractor now definitely passing 
out of this pioneer stage, it is logical to expect that one 
of the next steps is to strive for greater mechanical ef- 
ficiency. We can do more work with a smaller expendi- 
ture of energy by increasing the efficiency of transmis- 
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sion, increasing the tractive effort per unit weight and 
harmonizing the design of tractors and implements. 

Increasing the size of the power unit has invariably 
resulted in increasing the rate of doing work either by 
increasing the speed of the operation or increasing the 
size of the machine used. Both of these tendencies are 
noticeable in the tractor industry at the present time. The 
limits to which each may ultimately go can be determined 
only after extensive field trials with machines designed to 
operate at a rate of speed greatly in excess of our horse- 
drawn implements. Obviously, a maximum speed suit- 
able to agricultural operations will be found in time, and 
it is entirely possible that this process will find the most 
desirable speed for various operations. Taking account 
of these possible developments, it becomes a question of 
economic balance between size of outfit and speed. For 
example, if a two-plow outfit going 3 miles per hr. can 
be built and operated more economically than a three- 
plow outfit going 2 miles per hr., the former outfit will 
be more desirable, provided this same tractor can be 
adapted to other requirements as well as the three-plow 
tractor. 

So far as possible, the tractor and the implement should 
be so harmonized that one man can drive the outfit and 
make operation adjustments while the machine is in mo- 
tion. It is very necessary that the operator be given 
every chance possible to center his attention on the work 
to be accomplished rather than the operation of the 
tractor. It must never be forgotten that the work is the 
important thing. The tractor can never be considered as 
reasonably perfect until it is designed so that the oper- 
ator feels free to devote his chief attention to the imple- 
ment. This does not apply, of course, to belt-driven ma- 
chines. 


PLOWING THE Most Usvat OPERATION 


The points just discussed furnish, I believe, the essen- 
tial background for improving the tractor and tractor 
implements and harmonizing the various units which 
must be used together. As the mechanical details will 
differ for each machine, it will perhaps be worth while 
te consider the more important problems which are met 
in attempting to adapt the tractor to the various imple- 
ments. As the plow is the most important implement op- 
erated by the tractor, it naturally comes in for early con- 
sideration. It is safe to say that by far the greater ma- 
jority of our tractors are purchased primarily for plow- 
ing. Of course, other types of work are considered, but 
plowing is usually uppermost in the purchaser’s mind. 
Plowing is the foundation work for crop production. It 
requires more power than any other farm operation. 
These facts make it necessary to do work of high quality 
with a minimum expenditure of energy. At the present 
time there are two schools of tractor design for the two 
and three plow outfits. On the one hand we have those 
tractors which run entirely on the unplowed ground, 
showing a design embodying a relatively narrow base 
with a low hitch and causing side draft either on the 
plow or the tractor, or both. In this case the effects of 
side draft can be overcome in a measure by increasing 
the distance between the plow and the tractor, but this 
will not eliminate the loss in efficiency caused by the 
couple which tends to twist either the plow or the tractor. 
This makes it necessary to operate either the implement 
or the tractor at a disadvantage. The advantages of this 
system are that the tractor operates on a level surface 
and the width of wheel face is not limited by the width 
of furrow cut. 

“The other well-known system embodies a relatively 


wide wheel base with one of the drive wheels running in 
the furrow, which, with proper design, entirely eliminates 
the couple commonly called side draft, enabling one to 
operate the plow under almost ideal conditions. The 
chief objections raised to this system are that the tractor 
must operate with one side lower than the other unless 
mechanical complications for leveling are installed, and 
the width of wheel face is limited by the width of fur- 
row cut. After a careful study of the problem, I am con- 
vinced that the latter system is generally superior, as it 
gives increased efficiency, less trouble and better general 
satisfaction to the user. To insure that the resultant 
of the forces tending to move the plow falls in the line of 
motion of the resultant of the forces resisting the mov- 
ing of the plow, is a safe principle to follow in designing. 
In this connection a set of carefully planned and executed 
field tests should be conducted to determine the loss in 
efficiency caused by side draft as well as the proper 
vertical angle of hitch for various conditions. This work 
would furnish fundamental information to serve as a 
guide in designing drawbars and hitches, besides putting 
a permanent stop to the many absurd claims so frequently 
made for patented hitches, which seldom give satisfac- 
tory results in field use. Tests of this nature would give 
the tractor industry a much desired standing and en- 
courage confidence on the part of the users, who in the 
last analysis are the judge and jury before which this 
case must be tried. 

As the bottom is, after all, the part of a plow which 
does the work, it can be looked upon as the key to the 
situation. There are abundant signs today which indi- 
cate very clearly that an increase in plowing speed is 
desirable. This will result in better scouring, better 
covering and perhaps better pulverization. Our present 
plow bottoms, perfected by a long tedious series of field 
trials, have been built to operate at a speed of not over 
2'% miles per hr. Most of them will not do satisfactory 
work at higher speeds. Theoretically, there is no reason 
why a plow bottom cannot be designed to operate suc- 
cessfully at a much higher speed. The time has arrived 
when we should develop a working theory for the design 
of plow bottoms. In fact, the foundation for such a 
development already exists. It only needs to be put in 
a form in which it can be used. Such a step would en- 
able engineers to apply well-known mechanical principles 
and take the plow bottom from the realm of empirical 
design. Fundamentally this problem is one of reducing 
the vertical component of force which tends to throw 
the furrow-slice over the back of the moldboard. 

During the recent development of tractor farming 
many of our largest manufacturers of plows have been 
specializing on developing an implement which could be 
used behind any tractor. The results have been remark- 
able in many ways, but they have not resulted in pro- 
ducing a unit that operates at maximum efficiency. The 
present plow is carried on three wheels, chiefly to afford 
a means for lifting from the ground and carrying the 
bettoms around the ends. There is abundant opportu- 
nity to develop a plow which will be more closely at- 
tached to the tractor, eliminating the front wheels. This 
outfit would be lifted by power through a special device 
and have a rear wheel or wheels so placed as to carry 
the side thrust now generally taken care of by the rear 
of the landside. This plow would offer the advantages 
of simpler construction, a more compact unit and adjust- 
ment from the seat of the tractor. The weight of the 
front end would be carried on the rear of the tractor, 
thereby increasing the tractive efficiency. We already 
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have some machines built on this general plan giving 
excellent results in the field. This will, of course, be 
suitable only to use in connection with the smaller units: 


SEEDING AND HARVESTING MACHINERY 


The developments in regard to the disk harrow and 
seeding machinery seem to be proceeding satisfactorily, 
especially for use in connection with the smaller trac- 
tors. It is to be hoped that the hitches for use with 
larger combinations can be simplified in order to make 
them more convenient from the user’s standpoint. There 
is a real need for experimental work upon the disk 
harrow for the purpose of determining the relation be- 
tween form and diameter of disk, weight per unit of 
width, angle of cut and quality of work. It is only 
through tests of this nature that we can be certain of 
improving the efficiency of this great soil preparation 
machine. 

Harvesting machinery needs to be improved in such 
a manner that the rate of cutting can be increased with- 
out causing such rapid depreciation as occurs today. 
This means better material, refinement in design, stronger 
frames and a decided improvement in the bearings. 
The next step is to find the maximum width of cut which 
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can be handled by one knotter head. Present practice 
indicates that this may be 12 ft., although it is possible 
that the time required for placing the band and tying the 
knot may be reduced by introducing mechanical refine- 
ments, allowing a still wider swath to be handled. There 
is still room for far-reaching improvements in the line 
of making the tractor and binder a one-man unit. Exten- 
sion controls now in general use are, at the best, make- 
shifts. It would appear that a combined unit could be 
developed, with provision for detaching the binder from 
the tractor. By this means the machinery would be 
driven directly from the engine instead of from a bull 
wheel running on the ground. This would be a genuine 
one-man outfit. Changes in this direction will, of course, 
increase the difficulties of transferring the tractor from 
one machine to another. As a rule, the farmer does not 
like complications of this nature, but if compensating 
advantages can be obtained the change will be welcomed. 

The problem of adapting the tractor to all kinds of 
belt-driven machinery is relatively simple. It is pri- 
marily a question of standardization to reduce the num- 
ber of pulleys required and establish belt speeds which 
will give maximum efficiency. 


THE ADEQUATE LUBRICATION OF CAR CHASSIS 


RECENT paper before the Institution of Automobile 

Engineers was by Captain G. W. A. Brown, at present 
associated with Arrol-Johnston, Ltd. A few notes by the 
author on each component are appended. 

Two features of aeronautical engine design may usefully 
be mentioned, namely, the dry sump and the pressure filter. 
The former because it enables the oil to be kept at a lower 
temperature than would be the case if it were always stored in 
a portion of the crankcase, and the latter because its use 
permits of a very fine gauze without danger of starving the 
supply. 

Rolls-Royce has adopted a method of opening a by-pass in 
the oil pressure pipe at a certain throttle position to give 
an extra supply of oil direct to the cylinders. The Marmon 
oiling system is provided with a piston valve which is oper- 
ated by the depression in the inlet pipe. At low engine speeds 
this piston valve uncovers a by-pass valve, thus reducing the 
pressure throughout the whole oiling system. 

The usual practice in engine lubrication is to fill the sump 
with a given quantity of oil, which, according to most instruc- 
tions, remains in use up to 2000 or 3000 miles’ running. It 
will be generally accepted that the longer the oil is used the 
thicker and darker it becomes, and to ascertain the degree of 
deterioration caused by long periods of running, analyses 
were taken from 


(1) A standard brand of lubricating oil as delivered 
by the makers 

(2) A quantity of the same oil after 100 hr. running in 
an aviation engine of high power under full load 


The original lubricating oil was of a yellow-green color 
and free from sediment, while after 100 hr. running it became 
deep black. On examination this oil was found to contain 
a considerable quantity of carbon specks or particles in sus- 
pension. These particles, magnified 50 diameters, gave a di- 
mension of 0.001 mm. and were so fine as to pass all the 
usual methods of filtering. We were able, however, to sep- 
arate the carbon specks by filtering through 3 per cent fuller’s 
earth or with animal charcoal. The solid carbon particles 
so extracted amounted to 0.1 per cent, carrying also traces 
of iron and copper. 


Except, possibly, in engines and gearboxes of unit con- 
struction, it is necessary to have a flexible connection be- 
tween the clutch and the first motion shaft. It is the author’s 
complaint that there is no recorded case of any considered 
scheme for the lubrication of such connections. It may, of 
course, be argued that leather, fabric or flexible metal joints 
may be used for this purpose, but on account of their diameter 
and weight for any reasonable torque, they render gear- 
changing difficult, and, with high-speed engines, are apt to 
cause vibration on account of lack of balance, which increases 
with their age. 


It is astonishing that the crude method of lubricating the 
gearbox by filling it with a mixture of grease and oil has 
persisted so long. The result of this scheme is an immense 
loss of power and sometimes of lubricant as well. A test of 
a 32-hp. Leyland gearbox made by the National Physical 
Laboratory gives the efficiency of the direct drive as being 
only 74 per cent when the box was full of oil, while when one- 
quarter full the value was 97.5 per cent. It is evident that, 
had grease been used, the efficiency would have been lower 
still. 

In those cars in which the engine and gearbox are com- 
bined in a single unit, the lubrication of the clutch spigot, 
gearbox and universal joint is a more simple matter. In the 
Morris-Oxford, for instance, the oil is circulated by the fly- 
wheel to the engine on the one hand and to the gearbox and 
universal joint on the other. 

Where universal joints of Hooke type are employed, the 
author finds that their bearing surfaces are commonly 
loaded to pressures exceeding in some cases 3000 lb. per 
sq. in. Yet it has been thought sufficient to lubricate them 
by putting them into an articulated spherical housing in the 
best examples, or, in the worst, a part-metal and part-leather 
covering, and filling the casing with grease. The net result 
is that when some of the lubricant has worked its way out 
of the casing, as it invariably does, centrifugal action takes 
care that the bearings soon run dry. On account of this 
action, it is essential that Hooke type universal joints be 
lubricated from the inside. 
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In one scheme, oil is supplied under pressure to the center 
of each flexible joint by a suitable tube or jet. The oil issues 
from this and is caught by the hollow center of the trunnion 
or star piece. Holes are drilled from the center to a point 
near the mouth of the bearing in each pin, and the bushing 
is grooved, so that, as long as the jet is delivering oil, cen- 
trifugal force will convey it to all bearings. The outer ends 
of the bushings are left open to allow the used oil to be 
thrown against the casing, whence it is returned to the sump 
by gravity. 

In another scheme the joint revolves in a stationary casing. 
The arms of the star-piece are hollow and are fitted with 
scoops which dip into the oil contained in the casing as they 
revolve. The oil level is maintained by a pump, or an in- 
genious method of oiling the universal joint is by the plung- 
ing action of the propeller-shaft. 

The ideal method of lubricating a car is by a plunger pump, 
driven by a cam on the differential casing which supplies oil 
to all the revolving surfaces, including the bevel gears at 
their point of meshing. In the type referred to the driving 
shafts are tapered. This is essential from a stress point of 
view, but use is made of this taper to wind oil along it to 
the wheel bearings, whence it drips off and returns to the 
sump at the bottom of the axle casing. 

As usually arranged, the steering-gear connections are the 
most inadequately lubricated parts of the car. Whether 
knuckle joints or pin and fork joints are employed, the 
method of treatment is the same, namely, to fit a grease-cup 
on the joint and to surround the whole thing with a leather 
cover. The net result is that, after one drive on a wet day, 
if the trouble is taken to remove this leather covering, it will 
be found to be filled with water and mud. In any case, the 
author has noticed that there is a marked disinclination on 
the part of drivers of cars to fill grease-cups or use them. 

In the Fergus car the lubrication of the steering-gear has 
been carried out with the most commendable thoroughness. 
Provision is made for entirely filling the tubes with the lubri- 
cant, which finds its way into the ball-and-socket joints 
through suitable oil-ways, while the joint itself is rendered 
oil-tight by a metal cap held in contact by a spring. 

A design of the author’s which also obviates the difficulties 
already mentioned and renders the lubrication of these im- 
portant parts automatic has met with a considerable measure 
of success. The oil is retained in the ball-and-socket joint 
by an oil-resisting fabric washer, so made that it is com- 
pressible to allow for angular changes in relation to the ball 
and rod. 

It has also been suggested that the steering box should be 
attached to, and be in communication with, the engine crank- 
ease, whereby it would receive copious lubrication by splash. 
The author considers that there are more reasons against 
adopting this construction than there are in favor of it. With 
care the bearings and the worm gear can be efficiently lubri- 
cated by providing a removable plug of ample size arranged 
so that the casing can be well filled. 


SUSPENSION 


Various methods have been suggested for lubricating the 
leaves of the road springs. The method recommended by the 
author is to cover the entire spring with a stocking made of 
grease-proof fabric and to attach this, in the case of a canti- 
lever spring, to an oil-tight casing placed round the trunnion 
of the spring, and, at the forward end, to an oil-tight casing 
which carries the shackle-pin, roller, or whatever the method 
of attachment at that point may be. The casings are then 
filled with oil and can be left with the certainty that no fur- 
ther trouble will be experienced from the springs until the oil 
has been used up—a matter of 10,000 miles or more. 

A variety of springs have been made and tested with the 
ends designed so that all the flexion is taken by the spring, 
thereby dispensing with the shackles themselves and the con- 
sequent number of joints. In the author’s opinion, this is far 
too important a point for reliance to be placed on the occa- 
sional turn of a grease-cup, for, on examining one or two 
well-known makes, it will be found that the load on these pins 
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reaches somewhere between 250 and 500 lb. per sq. in., and, in 
nine cases out of ten, the grease hole and groove are situated 
on the loaded side of the bearing. 

It would be improper to leave this subject without some de- 
scription of a type of bearing which does not require lubri- 
cation as it is understood in the ordinary sense. The author 
refers to those bearings which are generically called “oil-less 
bearings.” They are of several kinds, the most usual being 
a bronze shell in which a spiral groove has been cut and is 
subsequently filled with graphite under pressure. 

The author recently had an opportunity of investigating 
a very ingenious example of this type of bearing which is 
fitted to the Marmon car. The essential feature of this bear- 
ing is the provision of an inner and outer steel shell, between 
which is a lining of wire-woven asbestos fabric which has 
been impregnated with graphite. The inner member of this 
bearing is dowelled to prevent it turning upon the pin or 
shaft, while the outer casing is forced into the boss of the 
bracket or lever. These bearings are used throughout the 
Marmen car for such parts as the spring-shackles, brake- 
levers, pedals and the like. 

The well-known method of filling the hub with grease by 
fully loading the hub-cap and then screwing it home and so 
forcing grease into the bearing is open to improvement, as 
by this means only a small proportion of the grease is ever 
used. In a method employing hollow pivotal members with 
cross ducts, which is favored by the author for the front 
hubs, one filling of oil will serve to lubricate the swivel-pin 
and the hub bearings. One charge should last for a consid- 
erable period if proper measures are taken to prevent leak- 
ages. The same remarks apply to the bearings of the rear 
hubs, except that it is possible to lubricate these from the live 
axle supply, one method having already been mentioned. 

Tue Necessity ror Erricrent O1m-Rertaininc Devices 

The best retainer in places to which water cannot have 
access and which are above the level of a body of lubricant, 
such as the ends of the crankshaft, the camshaft or the gear- 
box main-shaft, is undoubtedly the screw thread, but the form 
of this is a matter which is open to discussion. A spiral 
groove cut in the stationary member works quite as well as 
the revolving screw on the shaft. 

The rear axle is an important point, as it often happens 
that the revolving shaft or wheel-boss is so highly stressed 
that the addition of a screw retaining thread could not be in- 
corporated without seriously weakening the part, or, if the 
part ftself is not threaded, dispensing with the necessary 
loose collar, which could be fitted if space permitted. A type 
of retainer used on the Marmon car for the back axle is 
interesting, inasmuch as the screw is an ordinary Whitworth 
thread with a more rounded top and is distinct from other 
types in that it revolves in the felt washers without clearance. 

The scope of these types of retainer is, however, limited. 
They cannot be applied to the hubs of road wheels, for in- 
stance, because of (1) risk of water entering when the car is 
reversed or being washed; (2) admission of moist air when 
the car is laid up, and (3) liability of leakage when the 
wheels are stationary and the hubs filled with a thin lubri- 
cant. 

The hubs of the front wheels particularly are in so ex- 
posed a position that in dirty weather the steering heads 
are literally covered with water and mud, while, when wash- 
ing the car, the center of the hub receives copious supplies of 
water under pressure from the hose. For these two reasons 
alone, therefore, the very best provision for retaining the 
lubricant is a necessity. 

In the rear hub this provision is equally important, as, al- 
though usually protected by the brake drum and cover, the 
lubricant must not be allowed to leak out on the brake mech- 
anism. A new form that is favored by the author is of 
simple construction, a pair of hollow disk-pads within and 
without the hub plate, easy to renew and capable of serving 
its proper purpose. 

Another type is really a gland packing capable of adjust- 
ment from time to time but is not ideal, as, when tight 
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enough to exclude oil, the friction on the shaft is of no 
small moment, while the chance of its being properly attended 
to is somewhat remote, as, in the author’s opinion, it may 
be in such an inaccessible position that it is very seldom 
noticed and is in any case a too frequent and complicated 
operation for most owner-drivers to undertake. 


A much better method is employed on the Fergus car. 
This type, consisting of a diamond-shaped thick absorbent 
washer kept in place by a coil-spring, provides for the wear 
of the packing ring and does not grip the shaft too tightly. 
It has already been employed for the packing of oil and 
water pump glands on aeronautic engines and found to be 
thoroughly effective—Motor Trader, 





ONE YEAR OF AIR MAIL SERVICE 


T HE air mail service has been in operation between Wash- 
ington, Philadelphia and New York 1 yr., and has dem- 
onstrated the practical commercial utility of the airplane. A 
year ago when the first flight attracted universal interest, 
the establishment of the service was regarded generally as 
experimental and of doubtful results; to-day it is an estab- 
lished branch of the postal service. A new route, from Cleve- 
land to Chicago, has been inaugurated. The route from New 
York to Cleveland, which will connect up the New York- 
Chicago service, will be put in operation as soon as the equip- 
ment is completed, and other extensions will follow. 

The two airplanes on the Washington-New York route are 
the same that carried the mail a year ago and have been con- 
stantly in the service and they are propelled by the same en- 
gines. One of these has been in the air 164 hr., flying 10,716 
miles, and has carried 572,826 letters. It has cost, in service, 
$65.80 per hr. Repairs have cost $480. The other plane has 
been in the air 222 hr., flying 15,018 miles, and has carried 
485,120 letters. It has cost, in service, $48.34 per hr. Re- 
pairs to this machine have cost $1,874.76. The record of the 
entire service between New York and Washington shows 92 
per cent of performance in the entire year, representing 
128,037 miles traveled and 7,720,840 letters carried. The 
revenues from airplane mail stamps amounted to $159,700, 
and the cost of service $137,900.06. 


PRACTICABILITY OF SERVICE DEMONSTRATED 


The operation of the airplane mail service every day in the 
year except Sunday, encountering all sorts of weather condi- 
tions and meeting them successfully, has demonstrated the 
practicability of employing the airplane for commercial serv- 
ice, and the air mail organization has been able to work out 
problems of great value in the adaptation of machines to 
service of this character. From the inauguration of the 
service until Aug. 10, the flying operations were conducted 
by the Army, in connection with its work of training aviators 
for the war. Since that date it has been operated entirely 
by the Post Office Department with a civil organization. 
When the service was started there was great diversity of 
opinion among aeronautical experts as to the possibility of 
maintaining a daily service regardless of weather condi- 
tions, and the opinion was held by many that it would have 
to be suspended during the severe winter months. The serv- 
ice has been maintained, however, throughout the year with 
a record of 92 per cent, gales of exceptional violence and 
heavy snow storms being encountered and overcome. Out of 
1261 possible trips, 1206 were undertaken, and only 55 were 
defaulted on account of weather conditions. During rain, 
fog, snow, gales and electrical storms, 435 trips were made. 
Out of a possible 138,092 miles, 128.037 miles was flown. 
Only fifty-one forced landings were made on account of 
weather and thirty-seven on account of engine trouble. It 
has been demonstrated that flying conditions for such a com- 
mercial service as this, which is regulated by a daily schedule 
regardless of the weather, are very different from those of 
military flying. Airplanes designed wholly for war pur- 
poses are not suitable for commercial service, as they lack the 
strength necessary for daily cross-country work with its in- 
cidental forced landings. Aeronautical engineers have de- 
veloped for the Post Office Department a stronger and more 
powerful plane suitable for commercial service, while retain- 
ing the excellent flying qualities of the De Haviland ma- 


chine. The De Haviland Fours which were transferred to the 
Post Office Department after the signing of the armistice are 
being reconstructed to fit them for commercial requirements. 
In specially constructed mail-carrying planes, for the build- 
ing of which the department called for bids to be opened 
June 2, a form of construction is specified which will enable 
a mechanic to make important minor repairs in flight, mak- 
ing it possible with multiple engines to avoid forced land- 
ings. 

One of the lessons learned from the operation of the air 
mail service during the year is that the element of danger 
which exists in the training of aviators in military and exhibi- 
tion flying is almost entirely absent from commercial flying. 
Second Assistant Postmaster General Praeger, in reporting 
to the Postmaster General on the operations for the year, 
says that the record of the air mail service, which includes 
flying as low as 50 ft. during periods of marked invisibility, 
throws an interesting light on this question. During the 
year, more than 128,000 miles having been traveled, no air- 
plane carrying the mail has ever fallen out of the sky and 
there has not been a single death of an aviator in carrying 
the mail. The only deaths by accident which have occurred 
were that of an aviator who made a flight to demonstrate his 
qualifications as a pilot and that of a mechanic who fell 
against the whirling propeller of a machine on the ground. 
But two aviators have been injured seriously enough to be 
sent to a hospital. Other accidents consisted mainly of 
bruises and contusions sustained by planes turning over after 
landing. Of the three types of planes operated regularly in 
the mail service one type was more given than the others to 
turning over on rough ground, and it was principally on 
planes of this type that pilots were shaken up or bruised. 
One type of machine in the mail service, which has per- 
formed almost half of the work, has never “turned turtle”. 
The record of the air mail service with respect to accidents 
will compare favorably with that of any mode of mechanical 
transportation in the early days of its operation. 


NECESSITY AND Limit oF VISIBILITY 


One of the first studies to be taken up by the air mail 
service was to determine whether visibility is absolutely nec- 
essary to commercial flying. The first step necessary was 
the refinement of the existing radio direction-finders to elimi- 
nate the liability of 3 to 5 per cent of error. This has been 
successfully worked out by the Navy Department on an 
air mail testing plane. The second problem was that of 
guiding the mail plane, after it had left the field, to the 
center of the plot for landing. This problem has been solved 
by the Bureau of Standards in experiments conducted on the 
air mail testing plane in connection with the radio directional 
compass. This device is effective up to an altitude of 1500 
ft., and by the further refinements of the device another thou- 
sand feet is expected to be added. Aeronautical engineers 
are working upon a device for the automatic landing of a 
mechanically flown plane, which will meet the condition of 
absolute invisibility that could exist only in the most blind- 
ing snow storm or impenetrable fog. 

A year’s flying in the mail service, with all types and tem- 
peraments of aviators, has established the fact that 200-ft. 
visibility from the ground is the limit of practical flying, al- 
though a number of flights have been made with the mail be- 
tween New York and Washington during which a part of the 
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trip was flown at an altitude of 50 ft. The basis of objec- 
tion by aviators to flying above a ground fog, rain, snow or 
heavy clouds with one-engine planes is the possibility of the 
engine stopping over a village, city or other bad landing 
place, with the radius of visibility so narrow as to afford no 
opportunity to pick out a place for landing. It is generally 
accepted that with two or more engines forced landing under 
such conditions can be avoided. 


SEVERE WEATHER CONDITIONS OVERCOME 


A number of severe gales have been encountered during 
the flights between New York and Washington. Gales of 
from 40 to 68 miles per hr. have been met and overcome. 
Pilot J. M. Miller, formerly a flier in the naval service, 
made a flight from Philadelphia to New York in a Curtiss R-4 
with a 400-hp. Liberty engine, rising from the field against a 
43-mile gale and arriving in New York through a blinding 
snow storm, the wind velocity being reported by the Weather 
Bureau to be 68 miles per hr., and actually 15 per cent greater 
at the altitude at which he flew. 

Mr. Praeger states in his report that it has been learned 
that it is useless to send a plane having a top speed of no 
more than 75 or 80 miles against a 40-mile gale. “The two 
types of plane of this speed in the air mail service,” he said, 
“are the Standard JR 1 mail plane, having a wing-spread of 
31 ft. 4 in., and the Curtiss JN 4 H, having a wing-spread of 
43 ft. 7% in. Each plane of this type is equipped with a 
150-hp. engine, which does not provide enough reserve power 
to combat the disturbed air conditions at the surface in a 
wind of more than 40 miles per hr., especially if the wind 
comes in descending columns or gusts. Under these condi- 
tions it is possible to make headway only with a Liberty en- 
gine, which has plenty of reserve power. A plane equipped 
with a 150-hp. engine, if it succeeds in breaking through the 


surface winds, can make only slow and laborious headway 
against a full or a quartered headwind of about 40 miles. 
There have been many instances where the planes equipped 
with 150-hp. engines have been held down to a speed of be- 
tween 30 and 37 miles per hr. and also many instances 
where a 100-mile per hr. plane equipped with a Liberty en- 
gine has been held to between 55 and 60 miles. A few wind- 
storm conditions were encountered where the planes at the 
height of the gust were actually carried backward.” 

The same six planes that were in operation at the inaug- 
uration of the service and have been in continuous employ- 
ment during the year are in operation today, and the one 
which made the initial flight from New York to Washing- 
ton, May 15, 1918, made the flight May 15,1919. This is re- 
garded as throwing new light on the question of the life of 
an airplane and as demonstrating that the mechanical re- 
quirements and the operation in commercial flying are more 
economical and safer than in military flying. 

The fact that there were only thirty-seven forced landings 
due to mechanical troubles during flights makes a record not 
heretofore approached in aviation and is creditable to the 
American-built airplane and the mechanics who keep them in 
fine condition. This record is especially a strong tribute to 
the American-built Liberty and Hispano-Suiza engines. 

Transportation by airplane is ordinarily twice as fast as by 
train and in the case of distances of 600 miles or more, no 
matter how frequent or excellent the train service, the air- 
plane mail at the higher rate of postage should justify the 
cost of its operation. Wherever the train service is not as 
frequent or as fast as it is between Washington and New 
York, the airplane operations should show an immense profit 
on all distances from 500 miles up. With large airplanes 
and over greater distances a substantial saving in the cost 
of mail transportation on railroads would be made, besides 
cutting down the time of transit by one-half. 


GIANT ITALIAN SEAPLANES 


cher Ricci Bros., who built a Canard or tandem-planed 
seaplane as early as 1912, have published the designs 
for several original deep-sea craft. Perhaps the most inter- 
esting is the gull-shaped seaplane designed on the Eiffel for- 
mula and provided wich a 300-hp. engine. 

Another novelty is the quadruplane to carry 150 people 
and 14,000 lb. of cargo, equipped with eight 600-hp. twelve- 
cylinder V-type engines. This giant is to have wings with 
steel spars and duralumin ribs surfaced with nickel-chrome 
steel; tail and control surfaces are the same. Its engines are 
located in couples at the front and back of the nacelles and 
transmit power independently of each other to two bronze 
four-bladed tractor screws and to two propellers. These 
nacelles are on the second plane, counting upward, and in the 
same vertical plane as the two floats which contain the tanks 


for fuel, etc., and at their extremities carry a biplane tail. 
The center parts of the nacelle form the engineer’s cockpits, 
and the vessel will be controlled from the center bridge 
above the second floor of the saloon, which is of the height 
of the gap between the planes, and the floor of which is on 
the level, or will actually be part of the center section of 
the second plane. 

A 4000-hp. triplane, which seems to be a sort of aerial 
barge, has also been developed. This has two sets of planes 
parallel with each other but not in the same horizontal 
plane, the rear set being placed at the distance of their 
chord from the front set, but appreciably higher—that is to 
say, farther from the boaf body. All six wings have roundel 
ends at the entering and much swept back ailerons at the 
trailing edges.—Aeronautical Engineering. 


FLYING RATES IN NEW ZEALAND 


THE Canterbury (New Zealand) Aviation Co. offers 
to instruct pilots to the standard of efficiency required 
for the Aeio Club certificate for a fee of £100, which covers 
the risk of damage to machine and all third-party claims. 
It also undertakes to arrange passenger flights at the rate of 


£5 for 10 min. and £2 10s. for every additional 5 min. Cross- 
country flights will be undertaken at a charge of £30 per hr., 
and airplanes are offered for hire to certified pilots on terms 
of £15 per hr. for two-seater machines and £12 per hr. for 
single-seaters.—The Aeroplane. 
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The Electrical Heat Treatment of Steel 


By H. P. MacDona.p' (Member) 


SemMi-ANNUAL MEETING PAPER 
HE process which will be described was developed 
at the plant of the Snead & Co. Iron Works in 
Jersey City, N. J., as the result of a search for a 
method to heat treat the steel tubing which formed the 
shafts of Cossack cavalry lances. The condition of the 
market was such that it was necessary to use a 0.35 per 
cent carbon, soft welded steel tube 1 in. in diameter, 
20 gage, as cold-drawn tubing was unobtainable. A high 
degree of stiffness was necessitated by the tests to which 
the finished work was submitted, requiring an elastic 
limit of over 83,000 lb. per sq. in. Various ways of heat 
treating this tubing in ordinary types of furnace were 
tried, but owing to the length, 10% ft., and the extreme 
lightness, it was found impossible to handle it in other 
than a vertical position, and any fuel-fired vertical fur- 
nace was liable to great variation in temperature be- 
tween the top and bottom. 


EarRLY APPLICATION OF THE PROCESS 


A plan was then formed for employing an electric 
current of low voltage and high amperage to heat the 
tubing by its own internal resistance, and an apparatus 
was designed to accomplish this. The tube was held in 
a vertical position between copper contacts, which 
gripped it at its upper and lower ends, the upper con- 
tacts being fixed vertically and the lower ones free to 
move up and down with the tubing, the latter being 
brought to the same initial position for the start of 
each operation by a treadle and positive stop. The con- 
tacts were gripped by powerful springs and opened by 
cams attached to a vertical shaft. The current was led 
from a low-voltage transformer to the upper and lower 
contacts and the tube heated by its passage, in about 
20 sec. On reaching the required temperature the con- 
tacts were opened and the tube allowed to fall vertically 
into a deep bath of oil situated directly underneath the 
machine. This process proved very successful. 

On this machine no attempt was made to measure 
temperatures accurately, the elongation for a given tem- 
perature being figured out and the electric current shut 
off by a mechanically operated switch which was tripped 
when the desired elongation was reached. It was ob 
served, however, that the temperatures necessary for 
hardness were much lower than those required when a 
fuel-heated furnace was used, and in an endeavor to 
learn the cause for this I met Prof. James S. Macgregor 
of Columbia University, New York City, who was look- 
ing for means to heat treat a lot of aircraft tubing for 
the Italian Royal Flying Corps. As a result a large 
quantity of tubing of various diameters, in lengths up 
to 22 ft., was heat treated satisfactorily, no difficulty 
being experienced in keeping the tubing straight and 
the process taking place so rapidly that the tube was 
not scaled. During this time the apparatus was being 
gradually improved, and it was discovered that when 


1Vice-president, Snead & Co. Iron Works, Jersey City, N. J 


Illustrated with PHuoroGRAPHS AND CHARTS 


the critical point of the material was reached the tubing, 
instead of continuing to expand, actually shortened in 
length, thereby indicating in itself the critical tempera- 
ture, and means were devised for multiplying the move- 
ment and indicating the temperature on a dial. 


Later on further improvements were made, such as 
hanging the upper contacts to cables passing over pulleys 
at the top of the machine, connecting these cables with 
a drum at the bottom and having the latter connected 
through spiral gearing so as to change the point of lev- 
erage on the temperature-indicating pointer in such a 
way as to make the movement of the pointer constant 


for all lengths of material undergoing the same tempera- 
ture change. 


About this time work was also done for the Bureau of 


_ Standards, which was developing wing beam structures 
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for all-steel airplanes, and tests on samples cut from a 
chrome vanadium steel beam of about 0.25 per cent car- 
bon and 0.018 in. thick snowed the following results: 


Proportional limit, lb. per sq. in. ............ 112,000 
Ultimate strength, Ib. per sa. in. ... «0.000... 218,000 
Mlonmecren MS M., WOP CORE 6.5 ce ciccsebes wed’ 2.7 
BCIOTOROUNS DAPENOEE ..<.. io. on cccuees cues eeees No. 75 


These beams could be cut with a hacksaw after heat 
treatment. 


A large quantity of steel tubing for use in landing 
chassis of Handley-Page airplanes was also put through 
this process with complete satisfaction to the Govern- 
ment inspectors, who required an ultimate strength of 
110,000 lb. and an elongation of 15 per cent in 2 in. 


Samples of 34% per cent nickel steel axles submitted 
to the Dayton-Wright Airplane Co. and tested in its 


laboratory gave the following results at different 
tempers: 


Elastic Limit, 


Ultimate Strength, Elongation in 
Ib. 


lb. per sq. in. b. per sq. in. 2 in., per cent 
154,000 172,400 mi 
198,600 223,500 6.0 
220,500 246,000 6.5 


When the war ended we were working with the engi- 
neering division of the Air Service conducting tests on 
round steel tubes to be used as inter-plane struts, and 
tests developed the interesting fact that the ordinary 
column formula failed to hold in steel of such high ten- 
sile strength. In the case of a tube having an ultimate 
strength of 193,000 lb. the compression results were 12 
per cent. higher than the strength computed by the for- 
mula, which checked out very closely on ordinary ma- 
terials. The process is now being used for heat treating: 
thin-wall tubing for propeller shafts for trucks and 
passenger cars. 

In the machine as it is now used, the work is held in 
copper contacts operated by compressed air cylinders 
and the temperature is indicated on the dial at the left, 
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TEMPERATURE 


the pipe containing the quenching oil being shown pro- 
jecting above the floor of the shop. The present type 
of machine allows the critical temperature of the mater- 
ial being treated to be determined readily while the work 
is in process, especially in the case of high carbon or 
alloy steels in which there is a very definite retrograde 
movement of the pointer when the calescent states of 
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the material are reached. It has been found that these 
critical periods occur under electric treatment at very 
much lower temperatures, that is, from 50 to 100 deg. 
fahr., than when the ordinary furnace treatment is used. 
It is not, however, necessary in the use of these machines 
to know beforehand the critical temperature as it is au- 
tomatically determined in the process. 
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The advantages of this method seem to lie in the low 
temperatures necessary, speed of the heating operation the specimen. 
which is usually a matter of less than 1 min., thereby 
in most cases completely obviating the formation of scale 
and making possible the 
heat treatment of extreme- 
ly light material, the com- 
plete control of the work 
and the high physical char- 
acteristics obtained, the re- 
duction in area of the test 
pieces being particularly 
noteworthy. The process is 
also useful for discovering 
flaws or thin spots in the 
material undergoing treat- 
ment, this being particu- 
larly applicable to tubing, 
where any irregularity in 
the wall is shown up by 
that part overheating or 
heating more quickly than 
the other portions of the 
tube. 

Three volts per foot of 
length of the material to be 
heat treated are found am- 
ple for any analysis, and a 
current density of 8000 
amp. per sq. in. in cross- 
section is usually employed 
at the start of the process. 
The voltage between con- 
tacts increases as the tem- 
perature of the material 
goes up and the amperage 
correspondingly falls, the 
figures given being for the 
amperage taken at the first 
rush of current. In general 
practice for tubing, 0.1 
kw.-hr. per lb. of material 
heated up through its cri- 
tical state is required. 
Solid bar stock takes about 
0.06 kw.-hr. per lb. 

Chart No. 1 shows the 
average workings of ten 
rods of steel of the follow- 
ing average analysis: Nic- 
kel, 3.45 per cent, and car- 
bon, 0.36 per cent. The 
ordinates on this chart 
represent time elapsed in 
seconds, the abscissae tem- 
perature in degrees fahren- 
heit and the British ther- 
mal units absorbed per 
pound of material. The 
critical points are readily 
seen where the tempera- 
ture curves turn backward. 
It is interesting to note 
how much more rapidly the 
temperature increments oc- 
cur at the early part of the heating than at the higher 
temperatures. Of course, this is partially due to radia- 
tion but to a greater extent to the increase in resistance 
and the consequent drop in current density, the heating to coarsen. 





A SPECIAL MACHINE DEVELOPED HEAT TREATING STEEL 
ELECTRICALLY 


; THE ELECTRICAL HEAT TREATMENT OF STEEL 
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TUBING 


value being as the square of the current passing through 


The second curve shown dotted in this chart represents 
the workings of the steel preparatory to the second 


quench. It will be observed 
that the critical period oc- 
curs at a considerably low- 
er temperature on the sec- 
ond quench. It will also be 
noticed from the heating 
curves the rapfdity with 
which the temperature in- 
creases when once the criti- 
cal point is passed. This 
shows how easily steel can 
be overheated in the ordi- 
nary furnace unless the 
maximum furnace tempera- 
ture is kept within safe 
limits. 

Chart No. 2 for the same 
steel has for its ordinates 
the voltage across the con- 
tacts gripping the speci- 
men, the amperage passing 
through the specimen, the 
watts generated and time 
elapsed in seconds, the ab- 
scissae again being tem- 
peratures. On both of these 
charts the process was in- 
tentionally slowed down to 
enable the readings to be 
taken more readily. The 
accompanying microphoto- 
graphs show specimens. of 
this steel quenched under 
varying conditions, all be- 
ing drawn back to a tem- 
perature of 630 deg. fahr. 
The small diagrams ac- 
companying each photo- 
graph indicate the point or 
points at which the steel 
was quenched, in some 
cases a double quench be- 
ing used and in others a 
single quench. 

Previous experiments 
showed that where the ma- 
terial was quenched before 
the pointer showed the tem- 
perature beginning to in- 
crease again, the results 
were uncertain, and to ob- 
tain proper quenching con- 
ditions the old idea of 
“quenching on a rising 
temperature” had to be fol- 
lowed. The tests show that 
after the needle has once 
begun to indicate an in- 
crease in temperature after 
the drop at the critical 
point, practically the same 


results are obtained until the maximum temperature, 
reached before entering the critical period, is passed. 
After this there is a tendency for the grain of the steel 
These tests also indicate that a single quench 
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PROPERTIES OF 3% PER CENT NICKEL STEEL 





Specimen* J Kx L M O % Z 
i Nickel, per cent 3.46 3.47 3.48 | 3.46 3.48 3.48 | 3.49 
fy Carbon, per cent 0.39 0.39 0.39 0.39 0.39 0.38 0.36 
a. Structure Sorbitic- | Sorbitic- | Sorbitic- | Sorbitic- | Sorbitic- | Sorbitic- Pearlite 
i pearlite pearlite | pearlite pearlite | pearlite pearlite | and 
i Well dis- | Well dis- | | ferrite 
i tributed, | tributed, | Granulat 
t evenly evenly | formation 
Ht divided | divided | | 
4 Amount of slag Small Small | Small Small Small Small Small 
H Ultimate strength, lb. per sq. in.... 229,250 | 238,800 | 238,900 | 231,900 | 231,000 | 233,550 | 
i] Yield point, lb. per sq. in 210,350 206 , 200 202 , 125 203,050 | 199,875 197 ,600 
i Elongation in 2 in., per cent 10.50 9.75 nw | 8.00 | 9.0 10.00 
i Reduction of area, per cent 53.50 53 .00 52.10 53.65 | 53.20 54.00 
MN Fracture Semi-cup, | Full cup, | Semi-cup, | Full cup, Full cup, | Full cup, 
i silky silky silky silky silky silky 
i Treatment , wer ee ..| Double Double Double Double Double Double 
{ Drawing temperature, deg. fahr....... ie 630 630 630 630 630 ee 8 a eces 
n =e 
*Letters refer to photomicrographs on facing page. 
i i tBar as received, untreated. 


ee ee 


on nickel steel heated electrically gives as good results as a single quench at various periods in and out of the 
the double. critical state, all specimens being drawn back to a tem- 
An interesting feature to be gathered from Chart No. perature of 630 deg. fahr. These bars were %% in. in 


| 
¥ 


f. 2 is the amount of energy necessary to be put into the diameter, cold drawn and tested in their original state 

Hi steel to accomplish the internal work required to take it without machining. 

Al through the critical period. Calculations show that the a 

i) specimens treated each took 204 B.t.u. per lb. to carry £e aS ae e 

HH them through the entire heating range, 142 B.t.u. per lb. oof = a " ped ie 

being required to bring them up to the critical temper- ® Se 3 8. aa 25 h Period of Quenching 

hit ature and 62 to carry them through the critical period. 5 bo. $a  & £ ss 

i The importance of completing the allotropic changes in 4 Sk eZ oo 3h" 

} the structure of the steel taking place in the critical @ SN &*< a= OS Sad 
3C 9.75 41.90 126,550 181,550 After being in critical 


a3 


period is too well known to be more than mentioned here, period 12 sec 
and these figures illustrate the amount of internal work 3H 9,00 50.90 154,150 175,500 After being in critical 
that must be accomplished, neglecting the factor of radi- ‘ period 15 sec. 
ation. In other words, 30 per cent of the total heat units 2K 11.75 43.45 140,400 175,400 After being in critical 


mecensaty t put into this steel go into it after it has = 47, 52.20 202,400 227,300 suet ee critical 


9.50 


reached its maximum temperature and is passing through period 29 sec. 

the critical period and before the temperature again 3D 10.00 52.60 201,350 223,350 Just through critical 

begins to rise. Additional investigations are desirable |. Kar oe period. 

along these same lines, particularly with reference to 38E 10.00 56.70 198,800 216,150 = a Seer 

chrome-nickel and carbon steels. 3F 11.50 58,30 193,300 212,250 240 deg. falr. above 
The calibration of the machine was accomplished in the critical period. 


the following manner: For the lower temperature lead, 
tin and zinc were fused on the work and the temperature 
run up until these materials were successively melted and 


The following table gives results on the same steel 
subjected to a double quench. 


then allowed to freeze slowly, and the reading on the e+ 2 ' 

dial noted. For higher temperatures and as a further “3 £8 455 =| 

check, the leads of a platinum-iridium pyrometer couple = S » 8% ‘35 oS 

were placed inside of a heavy wall tube and pyrometer £ #88 8% %, Bie, Period of Quenching 
and dial readings taken simultaneously, the temperature ¥% ss 2S sa 5 5 

of the tube being held constant at various stages by F 8. 2 SS 58s 

switching the current on and off. I should welcome 34 1975 56.25 83,050 117,650 After being in critical 
suggestions as to better means of making this calibra- period 15 sec. 

tion, as I am not altogether satisfied with it. 3G* 11.50 56.90 202,300 216,150 Just through the crit- 


The accompanying table presents the results of tests »9; 4919 59.95 203,600 214,250 95 dee fake below the 


on 3.45 per cent nickel, 0.36 per cent carbon steel, given critical period. 
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1260 1285 (Quench) 1285 
275 
(Quench) 
1326 
1320 1320 1320 


; (Quench) 
SPECIMEN J SPECIMEN K SPECIMEN L 








1285 1285 1285 
1298 
1320 (Quench ) 
1420 
(Quench) 1320 1330 (Quesent 
SPECIMEN M SPECIMEN O SPECIMEN P 





SPECIMEN Z 


MICROSTRUCTURES OF SPECIMENS OF 3% PER CENT NICKEL STEEL 


The properties of each specimen are given in the table on the facing page, the letters at the head of the columns corresponding 
to those under the photomicrographs. The figures underneath represent temperature in degrees fahrenheit for the different steps in 
the heat treatment of the steel Each specimen was etched with 10 per cent nitric acid in alcohol and magnified 500 diameterg 


73 





a RS eR 


eee 
a 


are ae 


! 
j 
2 





Vol. V 





July, 1919 No. 1 














74 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


The length of time taken by different specimens in 
passing through: the critical period was not uniform, 


there being material variations, but on an average it was 
about 32 sec. 


Facrors ENTERING IN Cost CALCULATIONS 


The cost of handling work by this method is primarily 
determined by that of electric current available. Where 
the cost of the latter is low, even heavy sections such as 
rails and structural members can be heat treated to ad- 
vantage and a resulting improvement in strength and 
reliability obtained. For instance, in a 0.70 per cent 
carbon steel rail it would be easy to obtain a tensile 
strength of 130,000 lb., combined with greater reliability 





than now obtains in the ordinary rolled section. Up to 
now we have only used oil as a quenching medium and 
naturally it forms a considerable part of the cost of 
doing the work. Low-grade steels could be quenched in 
water. The entire absence of replacement of refrac- 
tories and the avoidance of the use of pyrometers, to- 
gether with the readiness with which operators can be 
taught to do the work by this process, increases its 
advantages. 

As yet we have only attempted to heat treat pieces of 
uniform section, but I have some hopes of being able 
to handle pieces of varying section such as axle spindles, 
but can give no definite data on this at the present time. 
We realize that the field for the proces: has only been 
scratched. 





PROBLEMS OF AIRPLANE FABRIC PRESERVATION 


N account of a long series of researches carried out at 

the Royal Aircraft Establishment on the causes of, and 
methods of preventing, deterioration in strength and ,taut- 
ness of linen airplane fabric, was given by Dr. F. W. Aston 
before the Royal Aeronautical Society. 

At the beginning of the war little had been published con- 
cerning the functions and weathering properties of dope. It 
was known that on exposure the dope of doped fabric cracked 
sooner or later, and it seems to have been generally believed 
that deterioration of both strength and tautness was due to 
such cracking. As it was expressed at the time, “the dope 
cracked and let the weather get through to the fabric.” 
Though more or less correct as regards tautness, which is a 
function of the dope layer principally, this idea is now known 
to be entirely wrong as regards strength, which is chiefly due 
to the fabric. Energies were, therefore, largely directed to 
the preparation of flexible varnishes which would prevent the 
cracking of the dope layer. 

When opportunities of examining old machines became more 
frequent, it was noticed that at points where the dope was 
covered with an opaque layer of paint, such as the number on 
the tail and the identification disks on the wings, the fabric 
retained great strength, although the unpainted parts might 
tear like paper. This suggested that the real cause of the 
weakening was light, a conclusion since abundantly justified. 
The dopes with which these results were noted were made 
with tetrachlorethane. As that compound is decomposed by 
sunlight, it is quite possible that the real agents that de- 
stroyed the linen were the chlorine and the hydrochloric acid 
liberated. In time the action of light was seen to be more 
direct and fundamental. The abolition of the use of tetra- 
chlorethane for other and better-known reasons made little if 
any difference in the rate of deterioration, and long before 
the real causes were discovered practical prevention was 
achieved by a pigmented varnish of a dark khaki shade known 
as P.C.10. Experiments extending over 3 yr. confirmed the 
view that the deterioration in the strength of doped or un- 
doped linen fabric under ordinary service conditions is due 
to light and to light only, the effect of other agents such as 
heat, moisture, bacteria, molds, etc., being inappreciable in 
comparison. Visible light had little if any destructive effect, but 
in the direction of the shorter wave lengths there appeared 
to be no limit. As ozone and peroxide of hydrogen have long 
been suspected of being the principal agents in the deteriora- 
tion, experiments were made in which oxygen and water 
were partially or wholly eliminated. It was concluded that 
the removal of oxygen from the atmosphere surrounding the 
fibers largely reduced but did not eliminate the destructive 
action of light, while the presence or absence of moisture did 
not seem to be important. 

At the time when the investigation of the best method of 
protection was started, it was not thought possible to pigment 
a dope without spoiling it. Experiments were, therefore, 


made with dyes, and out of about 150 soluble in dope half-a- 
dozen or so gave promising results, two blacks and one yellow 
affording practically perfect protection and not fading. Raf- 
tites containing only 1 per cent of such dyes gave a decrease 
in strength of less than 15 per cent over 12 months’ continu- 
ous exposure, that is, were as good as P.C.10. Had strength 
alone been of importance dyed dopes would have been advo- 
cated, but tautness was equally essential, and the possibility 
of its deterioration being also due to the action of light and 
therefore to be minimized by dyes was not realized. In ad- 
dition Dr. Ramsbottom discovered that raftite, which con- 
tains no tetrachlorethane, could be successfully pigmented 
and that such pigmentation enormously improved the quali- 
ties of the dope as regards tautness. 

A pigment used for protection in either a varnish or a dope 
must have a high extinction coefficient for actinic light, must 
be capable of being ground extremely fine, since a given 
weight of pigment will cover an area directly proportional to 
its fineness, and must be chemically inactive to any of the 
constituents of the medium. The natural oxide of iron known 
as ochre possesses all these properties to a notable degree, 
and in view of its cheapness and of the fact that with the 
addition of a little lamp black it yields a khaki shade, it is not 
surprising that its use as the main constituent of pigmented 
varnishes and dopes is almost universal. For tropical work 
aluminium has much to recommend it. 

The Germans do not seem to have adopted pigment varnish 
as a protection from light. Experiments were made on 
fabric taken from a practically brand new Albatross scout 
plane. The fabric appeared to be flax, rather coarse, open 
and highly calendered, and was camouflaged with highly- 
colored hexagons dyed on the fabric before doping. The 
dope was acetyl without protective varnish. The effect of 
exposure to the equivalent of about 3 weeks of summer 
weather was surprising. The condition of the German dope 
was hopelessly bad. The camouflage dyes had faded con- 
siderably, the surface was a mass of tiny cracks, the dope 
coming off in powder when creased, all elasticity had disap- 
peared. 

Dr. Aston in the latter part of the paper described some 
of the methods of measuring tautness and suggested a theory 
to account for the tautening effect of dope. He pointed out 
that tautness is aerodynamically essential to reduce the sag 
to certain limits, though with the materials now in use prob- 
ably any surfaces deteriorating to a slackness sufficient to 
affect the aerodynamical properties of the machine seriously 
would have been condemned long before on their appearance. 
Another point which has been somewhat neglected is the great 
extent to which the strength of the wing structure is influ- 
enced by the tension of the doped fabric upon it. In general 
slackness of the dope will weaken the wing structure, but on 
the other hand too great tautness will lead to deformation or 
even fracture.—The Times Engineering Supplement. 
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Steels for Automotive Gears 


By J. Heper Parker? (Member) 


on account of pitted tooth surfaces, which were 

found after limited service. It is believed that 
this pitted condition is caused by excessive unit tooth 
pressure due to several causes. A few experiences where 
the condition of pitted surfaces was corrected may be of 
interest. 


PM on: sccoun gears have sometimes been criticised 


(1) Misalignment of gears was believed to be the 
cause of the trouble, thus throwing an excessive load 
upon only a part of the tooth and vastly increasing the 
unit tooth pressure. When the gears were properly ad- 
justed and the load properly distributed, pitting dis- 
appeared 

(2) A little lower drawing temperature after hard- 
ening which resulted in an increase of about five points 
in scleroscope hardness eliminated pitting. The slight 
increase in hardness was sufficient to enable the gear 
tooth to withstand the unit tooth pressure put upon it 

(2) Pitting was eliminated by increasing the length 
of the tooth face. This increase resulted in decreasing 
the unit tooth pressure to a safe figure. Properly case- 
hardened gears, which have a scleroscope hardness of 
about 90, will undoubtedly withstand, without pitting, 
unit tooth pressures which will give trouble in the case 


of a tempered steel gear which is about 75 scleroscope 
hard 


For automotive work case-hardened steels of six types 
are generally used, three of the types very commonly, 





sired and nothing in the way of strength and toughness 
of core is expected. If carburizing temperatures are 
relatively low, that is, about 1550 to 1560 deg. fahr. 
good results may be obtained by a single quench after 
pieces have cooled in the carburizing box and have 
again been reheated to the proper temperature. For best 
results, however, a double quench after carburizing is de- 
sirable; the first quench from a temperature sufficiently 
high to refine the core, which is low in carbon, and the 
second quench at a proper temperature to refine the case, 
which is very high in carbon. Drawing after final hard- 
ening is desirable to relieve hardening strains and to se- 
cure increased toughness. 

Warping of case-hardened gears, as a result of heat 
treatment, always occurs to a greater or less extent. 
This will be somewhat reduced if care is taken to anneal 
forgings before machining. Forgings as they come from 
the hammer and cooled under varying conditions always 
have some internal strains. The release of these strains 
by annealing leaves the metal in a state of rest which 
makes possible a decrease in the warping of the finished 
pieces, for without the annealing the strains in the metal 
due to forging often are relieved during the case-harden- 
ing operations, with the result that they are the direct 
cause of some of the warpage experienced. 

Tempered gears are made principally from four types 
of steel, two of which are in common use while the other 








CHARACTERISTICS OF FOUR CLASSES OF TEMPERING STEELS FOR AUTOMOTIVE GEAR WORK 
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while the other three have a more restricted use on ac- 
count of their higher cost with, perhaps, a little more 
careful heat handling requirements. An accompanying 
table gives analysis of each, together with the physical 
properties of the core, when properly heat treated, which 
can be expected if these steels are made by mills having 
more of the quality than a tonnage perspective. 

The physical properties given in the table were se- 
cured by treating a standard test piece, 0.025 in. full to 
size, by heating in sand for the length of time and at the 
same temperature as would be used in carburizing for the 
various types of steel. Test pieces were then allowed to 
cool in a box and given a full double treatment which 
would have been given a piece of the respective steels to 
put them in their best possible case-hardened condition. 
Test pieces were then ground to size and pulled. 


CARBURIZING 


Carburized pieces should not be quenched directly from 
the carburizing box, and this practice should not be fol- 
lowed except in cases where a hard surface only is de- 





1Abstract of a paper read at the convention of the American Gear 
Manufacturers’ Association, Cleveland, Ohio 
*Vice-president and metallurgist, Carpenter Steel Co., Reading, Pa. 





two types are more rarely used, especially one of the 
latter, an air hardening chrome-nickel steel, which has 
been used very little in this country. An accompanying 
table gives the type, analysis and physical properties of 
these steels in gear conditions. In addition to these 
standard types there has been sold a silico-manganese 
steel of approximately 0.50 per cent carbon, 0.75 per cent 
manganese and 1.50 per cent silicon, which has, when 
hardened and drawn for gear conditions, an elastic limit 
of approximately 225,000 lb. per sq. in. This steel when 
properly hardened remains practically constant as to size 
and has proved most satisfactory as a steel for clash or 
change gears. 


GEARS FOR JOBBING WorK 
The ferrous materials for gears for jobbing work may, 
perhaps, be put into five groups: 


(1) Cast iron and semi-steel 

(2) Steel castings 

(3) Unhardened and untreated steel 
(4) Case-hardened steel 

(5) Tempered steel 


Unhardened and untempered steel is usually picked up 
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out of warehouse stocks by the gear maker and is gen- 
erally considered by him as good or bad, depending en- 
tirely upon his ability to machine it easily. It may rep- 
resent almost anything from 0.15 to 0.40 per cent in car- 
bon with usually very high values for manganese, phos- 
phorus and sulphur, the latter two elements being the 
ones whose presence is necessary in relatively large 
amounts to insure easy machining. The tensile strength 
of steel of this character will vary between 55,000 and 
70,000 lb. per sq. in., with the elastic limit approximately 
half of this amount and an elongation of 20 to 30 per 
cent in 2 in. For gears designed for ordinary service it 
is undoubtedly superior to cast iron, semi-steel or un- 
treated steel castings, but, of course, cannot compare in 
service with either the case-hardened or treated gears. 

Case-hardened steel is purchased in bar form and either 
as forgings or rolled blanks. The standard analysis is: 
Carbon, 0.15 to 0.25 per cent; manganese, 0.40 to 0.60 per 
cent; phosphorus, not over 0.04 per cent; sulphur, not 
over 0.05 per cent. 

Steels having a carbon content of over 0.25 per cent 
should not be used except in very special cases on account 
of the hard, brittle core which will result, and where tooth 
sections are relatively small it would be well to hold the 
carbon to 0.20 per cent as a maximum. 

Again, bar stock, forgings and rolled blanks represent 
the conditions in which tempered steel reaches the gear 
maker. A handbook, by a steel manufacturer of forged 
and rolled carbon steel spur gear blanks, gives two ranges 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


A single instance of one type of service is cited to show 
the possibilities. Sixteen-inch merchant mill pinions made 
of 0.40 per cent carbon simple carbon steel castings un- 
treated lasted in service on the average from 9 to 12 
months. Chrome-nickel steel castings of 0.50 per cent 
carbon heat treated lasted 7 yr. on the same job and are 
still going. The possibility for a gear maker in develop- 
ing a field of this kind seems almost without limit, especi- 
ally if this development is worked out in close cooperation 
with a steel foundry making electric steel castings. 


SULPHUR AND PuHospHORUS LIMITS 


Some interesting points were brought out by Mr. Park- 
er in response to questions after the presentation of his 
paper. He was asked whether he had made any experi- 
ments to determine what percentage of phosphorus and 
sulphur was necessary to produce a harmful effect on the 
properties of steel and replied that the impression that 
phosphorus and sulphur are very detrimental constitu- 
ents had been handed down from the dark ages. During 
the war the standardization committee of the American 
Society for Testing Materials let down the bars on phos- 
phorus and sulphur to a large extent, because it was im- 
possible to obtain steel in the large quantities required 
under the rigid specifications as to these two elements 
which had previously been insisted upon. Dr. Unger of 
the Carnegie Steel Co., had made some tests with high 
sulphur steel in which the excess sulphur was added to 
the steel in the mold, and his results showed that an ex- 
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0) = Th = w. 2 Z. = a > : 
~ e ~ “ = = = . Se 5 2 7 S 
st : 3 : : 5 s 680ClCOS ae ws § eS See of 
‘ bee be Sue Me oc as = o - — ay o 
= ¢ ¢ : ¢ S$ 9S 5. sa § SS Sen 3 
av 4, A, A, Ry oe (co it oe ne Oates MS 
Simple carbon 0.20 0.50 0.20 0.04 0.04 ae) ae 50,000 : 20 1) 18 a0 
Mild chrome-nickel 0.20 0.60 0.20 0.04 0.04 0.04 1.25 100,000 150,000 12 87 {0 10 90 
34% per cent nickel 0.20 0.60 0.20 0.04 0.04 3.50 105.000 160.000 13 15 302 0 il a0 
5 per cent nickel... ee, 0.40 0.20 0.04 0.04 ; 1.75 125,000 175,000 15 50 91 54 10 90 
Medium chrome-nicke!] 0.17 0.40 0.20 0.03 0.03 1.00 1.75 140.000 180.000 13 i) 40 Q 11 on 
High chrome-nickel ‘ 0.12 0.40 0.20 0.03 0.03 1.25 4.00 150.000 200.000 13 2 375 1 








of carbon contents for this type of work: The medium 
grade of 0.35 to 0.50 per cent and the hard grade of 0.55 
to 0.65 per cent carbon. I am of the opinion that the 
latter grade is too high in carbon for quenched gears 
and that 0.35 to 0.50 per cent carbon is the range which 
will, on the whole, give most satisfactory results from the 
standpoint of ultimate service, warpage in hardening and 
breaking either in hardening or in service. The physical 
properties to be expected from this type of gear will vary 
considerably, depending upon the carbon content, the size 
of the tooth section and the quenching medium, oil, water 
or other aqueous solution. 

In a general way, a 9.40 per cent carbon straight car- 
bon steel 1 in. round as rolled will show approximately: 
50,000 Ib. per sq. in. e:astic limit; 90,000 Ib. per sq. in. 
tensile strength; 20 per cent elongation in 2 in.; 40 per 
cent reduction of area. 

The use of case-hardened and tempered alloy steels in 
place of simple carbon steels for jobbing or commercial 
gears will undoubtedly increase largely. This develop- 
ment, I believe, can be made especially promising in 
the field of gears made of alloy steel castings where the 
use of the electric furnace makes possible a better grade 
of alloy steel castings than could formerly be obtained. 


90 





cessive sulphur content had no deleterious effect. Mr. 
Parker said that the greatest value of low sulphur in steel 
is the fact that it is a criterion of the condition under 
which the steel was produced because sulphur can be 
eliminated only by a reducing slag, and the fact that there 
was a low sulphur content therefore showed that the 
steel had been made in a reducing atmosphere. 
STANDARDIZED SHocK TESTING MACHINE 

In reply to a question as to whether there was not a 
tendency toward non-uniformity in the quality of 31% 
per cent nickel steel, Mr. Parker said that this steel had 
a tendency to laminate and as a result showed low values 
in transverse tests. The addition of a small amount of 
chromium overcame this tendency. During the war there 
was a controversy in the Ordnance Department over this 
matter, one side wanting to use steel containing 3 per 
cent nickel and 0.5 chromium instead of 3.5 per cent 
nickel to give the steel a greater transverse strength. 
The matter of shock tests and drop tests was referred to 
in the discussion, and it is stated that it is almost im- 
posible to make a comparion of the results of such tests 
owing to the use of different machines and to the differ- 
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ent conditions in making the tests. It was suggested that 
the gear manufacturers might take it upon themselves 
to standardize a shock testing machine for gear material. 

Mr. Parker, in reply to a question as to the value of 
vanadium steel, said that he did not favor the use of small 
quantities of vanadium in steel. The statement had been 
made that vanadium steels have better machining quali- 
ties than chrome-nickel and other high-speed steels, but 
they ran up against the difficulty that there is no recog: 
nized test for machinability. Steels containing a small 
vanadium content were of high quality, but with vanadi- 
um climbing back to its old price of $10 per lb., the out- 
look for popularizing these steels was rather discourag- 
ing. 

AtrR-HARDENING STEELS 

A question was asked relating to the air-hardening 
chrome-nickel steels, and Mr. Parker said that these were 
introduced into this country from Belgium and only a 
small amount had reached this country previous to the 
war. This steel contained 0.3 per cent carbon and 1.5 per 
cent chromium, and 4.5 per cent nickel, and its most valu- 


able characteristic is that it hardens in the air without 
practically any distortion. Mr. Parker said that the an- 
nealing of air-hardening chrome-nickel steel must be 
looked after very carefully, as it must be annealed within 
very narrow temperature limits. Its use is restricted be- 
cause of the difficulty in annealing and because of its 
hardness, which makes it difficult to machine. An im- 
portant feature of this steel is its absence of warpage, and 
it has proved very successful in special fields. It has been 
used to some extent recently in airplane parts. 

In carbonizing large gears Mr. Parker said that if a 
core is placed in the center of the carbonizing box gears 
ean be carbonized in one-half the time. He also recom- 
mended that in carbonizing small parts where a number 
of parts are placed in the carbonizing box a core be placed 
in the center of this box, maintaining that by following 
this plan the parts will be case-hardened much more ac- 
curately and the danger that when the parts around the 
outside have the right depth of case those at the center 
of the box will be insufficiently case-hardened, will be 
eliminated. 


INSTRUMENTS FOR TRANSATLANTIC FLIGHT 


N! )VEL instruments especially invented or designed for use 
iN in oversea navigation were employed in practice for the 
first time by the Navy-Curtiss seaplanes in the recent trans- 
atlantic flight. No airplane had ever flown far enough out 
to sea to warrant the use of the sun, moon and stars for 
fixing a geographical position as is done on seagoing ships. 
Navigation, therefore, on a transatlantic flight was new and 
untried and it was necessary in preparing for this flight to 
design three new instruments for navigational use. These 
were an aerial sextant, a drift and speed indicator and a 
course and distance indicator. 

Since the time of Columbus celestial bodies have been used 
to locate the position at sea, but to do this a clear day has 
been necessary so that the observer could take the altitude 
of the heavenly bodies. For this flight, however, an instru- 
ment was designed that will enable the air navigator to locate 
his position regardless of the state of weather and regard- 
less of the very fast speed of airplanes. A unique feature of 
the Byrd aerial sextant is that a bubble in a tube takes the 
place of the sea horizon in the observations. A specially con- 
structed lens is used in sighting the bubble, which is re- 
flected in a mirror. The sun is reflected in another mirror. 
The observer brings the sun tangent to a line at the same 
time he brings the bubble tangent to the line. That gives the 
altitude of the sun. This is of especial value as the aviator 
is often above the clouds and even when flying at low alti- 
tudes the horizon is too dim to be seen clearly. With this new 
aerial sextant the curvature of the earth does not have to 
be taken into consideration in calculating position. The bub- 
ble is lighted at night, so that night observations may be 
taken. New methods of astronomical calculations have also 
been devised which enable the navigator to make his cal- 
culations in a fifth of the time that was formerly necessary. 
A zenithal projection chart of the Atlantic Ocean has been 
specially constructed for this purpose. This chart, a new 
invention, does away with difficult mathematical calcula- 


tions enabling the aviator to determine his position in a few 
minutes. 


Another great problem of the sea-air navigator is the 


calculation of the speed and direction of the wind, both day 
and night. In spite of the reliability of the compass, it can 
only give the course upon which the craft heads, and in de- 
termining the true course, proper allowance must be made for 
the sidewise drift caused by the wind. For example, a wind 
blowing 30 miles per hr. toward the side of the plane will 
blow it 30 miles per hr. out of its course. This fact alone 
makes the navigation of the air far more difficult than the 
navigation of the sea. To overcome this difficulty bombs 
have been invented which ignite upon striking the surface of 
the water and give a dense smoke and bright light for 10 min. 
An instrument used in conjunction with this bomb enables 
the navigator to determine the velocity and direction of the 
wind by sighting on the smoke in the daytime and the light 
at night. This instrument, called the speed and drift indi- 
cator, has proved successful. When the navigator has found 
the speed and direction of the wind, he must then be able to 
calculate the course to steer to allow for this wind. To do this 
an instrument has been designed to solve the triangle of 
forces, thus doing away with cumbersome mathematical cal- 
culations. 

The navigator’s cockpit is in the fore part of the boat and 
is equipped with a chart board, a chart rack and lamps. 
He also has a specially designed headgear for telephone com- 
munication with the pilots so that he can direct them when 
to change the course. The noise from the four big engines 
is so great that it is impossible to hold conversation except 
with specially designed telephone apparatus. The navigator 
also has instruments which show him the altitude of the plane 
and the time the sun keeps with the Greenwich meridian, be- 
cause in going to the eastward so rapidly it is difficult to keep 
the correct time. In going from Newfoundland to the Azores, 
over 2 hr. was lost in a period of 20 hr., so that the navigator 
must be very expert to allow for this loss in time in making 
his astronomical calculations. In aerial navigation positions 
must be determined very quickly. The navigator sits down 
to work out his “sights” to fix his position and will be far 
from his calculated position unless he works out his calcula- 
tions very rapidly, which these instruments enable him to do. 
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Petroleum Refining 
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CLEVELAND SECTION PAPER 


ROM the original well on Oil Creek near Titusville, 

Pa., discovered by Col. Drake in 1859 the produc- 

tion of crude petroleum spread up into New York 
State and down through eastern Ohio into West Virginia 
and Kentucky; it also developed in Indiana and Illinois; 
then the Texas fields were discovered, then the Oklahoma, 
and now they are drilling in Kansas, while fields are out- 
lined in Wyoming, South Dakota and California. For 
a long time Pennsylvania, Ohio, New York and West 
Virginia, known as the Appalachian Field, produced prac- 
tically all the petroleum in the United States, but other 
fields have now outgrown it, and while to-day it is pro- 
ducing about 25,000,000 bbl. and Pennsylvania about 
8,000,000, the big fields are in Oklahoma and California, 
with Kansas rapidly overtaking Oklahoma. 

The uncertainty in the production of crude petroleum 
is well illustrated in the Cushing field, Oklahoma, which 
in 1914 was producing at the rate of 315,000 bbl. per 
day. In a very short time it dropped to 60,000 a month. 
However, the loss has been largely overcome by the big 
wells around the Eldorado field in Kansas, some of them 
producing as high as 20,000 bbl. in 24 hr. 

These oils are transported from the wells largely by 
pipe lines, with pumping stations at certain distances 
along the line, and to-day they are pumping crude petro- 
leum from Oklahoma through these lines to Bayonne, 
N. J. They are also running it down from Kansas and 
Oklahoma through Texas to Port Arthur. There are sev- 
eral very large refineries, in fact, two of the largest in 
the world, at Port Arthur. The companies which op- 
erate two of these refine the oils there and bring them 
around to deep-water terminals on the seaboard. They 
also export to all parts of the world. Another firm 
which has a big terminal there brings its crude petro- 
leum to Philadelphia, where it is refined and distributed 
to all parts of the United States, as well as exported 
in very large quantities. The oil from these deep- 
water termina!s is shipped inland in barrels and tank 
cars to the various tank wagon stations, where it is dis- 
tributed to the consumer, or to filling stations, and from 
the filling stations into the fuel tanks of motor cars and 
trucks. 

We have in the United States what should be termed 








CRUDE O1L STILLS 


Illustrated with DRawINnGs 


three series of crude petroleum. One is a paraffin crude, 
another a semi-paraffin crude and the third an asphaltum 
crude. Practically all the crude produced in the Ap- 
palachian Field is straight paraffin crude. Indiana and 
Illinois are semi-paraffin crude. A great deal of the oil 
in Texas is asphalt base. Some of it in the northern 
part, in what is known as the Electro Field, is paraffin 
base. Oklahoma and Kansas produce both paraffin and 
semi-paraffin. Southern California is practically all 
asphalt base. Wyoming produces both. Mexico produces 
practically all asphalt base crude, and recently in Okla- 
homa, in what is known as the Garber Field, they have 
found some very light paraffin crude, similar to that 
which is produced along the Pennsylvania-New York 
State line, and similar to the West Virginia crude. 

Mexico has wonderful wells, some of which are pro- 
ducing over 200,000 bbl. in 24 hr., and have practically 
maintained that output since 1916. We have it from 
some of the best authorities that Mexico is capable of 
producing 50,000,000 bbl. of crude petroleum annually, 
so that the outlook from that source of supply is pretty 
good. 


UTILIZATION OF O1L-SHALE Rock 


In addition to the wells that produce crude petroleum, 
we have in this country what is called oil-shale rock. 
There are mountains of this rock in Wyoming, Colorado, 
Utah, Nevada and Idaho, some of it in Missouri and 
some in Kentucky, and it has been estimated that it con- 
tains at least 650,000,000 bbl. of crude petroleum. The 
rock, when crushed and retorted, yields from 30 to 90 
gal. per ton of a very good grade of crude petroleum. 
This is not a new industry by any means. In Scotland 
they have operated the shales for years and have pro- 
duced good oils as well as some very high-grade paraffin 
waxes. Over there they have to go down for the rock, 
while here it is all above ground and is a gravity propo- 
sition. 

Crude petroleum is a mixture of chemical compounds, 
all of which have their own individual boiling, fractional 
distillation and end points. When they are put in the 
still and heat is applied these various products come off 
as vapors at certain temperatures, the lighter and more 
volatile products, of course, at the lower temperatures. 


Or TestinG |INsTRUMENTS 


I want to show you some of the instruments used in 
testing oils. There are a great many physical measure- 
ments used in these tests, but a few only are really 
interesting to the consumer. These we hear about in 
every-day business. 

The Baumé hydrometer, a graduated glass filled with 
oil, is used to determine gravity. Since water is always 
the same in weight at 60 deg. fahr. we take the gravity 
or weight of oil at that reading. There has been a great 
deal of talk about gravity, particularly that of gasoline, 
for motor car use, and I think it has been greatly over- 
valued. Gravity is a guide only to the man at the refinery 
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VARIOUS INSTRUMENTS EMPLOYED IN THE TESTING OF OIL 


who is separating the products as they come from the 
crude oil stills. It is not of value in selecting oils. The 
all-important matters in selecting fuel for an internal- 
combustion engine are its boiling, fractional distillation 
and end points. The flash and fire tests are both taken 
with the same instrument, a Cleveland open cup and a 
Bunsen burner. These tests have been somewhat con- 
fused in lubricating oils. There has been a great deal of 
talk about high flash-test oils. 

In the early days of refining, when kerosene was a 
product in great demand and refining was not as good as 
it is now, lighter oils, such as naphtha and gasoline, were 
apt to be mixed with the kerosene. This caused many 
explosions and fires with kerosene lamps, and a number 
of states passed laws that kerosene must not be below a 
certain flash point. 
flash” stenciled on the kerosene barrels. That means that 
the oil will not flash below 150 deg. fahr. 

What is called a Saybolt viscometer is practically the 
standard for taking viscosities in the United States. It 
is also used for lubricating oils. Engine, machine, 
dynamo and spindle oils and lubricants in that class are 
tested at either 70 or 100 deg. fahr., but practically all 
the oil people today test at 100 deg. fahr. Steam cylinder 
oils and the very heavy oils are tested at 210 deg. fahr. 
Mineral oils decrease very rapidly in viscosity with a 
rising temperature and they also increase with a falling 
temperature; for example, an oil with 800-sec. viscosity 
at 100 deg. fahr. might drop to 250-sec. viscosity at 250 
deg. fahr. At zero it would probably be 2800 or 2900 
sec. Tests are taken to determine the suitability of lubri- 
cating cils for certain purposes. Viscosity measures are 
used in selecting oils for, say, a sewing machine or a 
heavy steel Pullman car, but viscosity is not a guide, by 
any means, to quality. 

As I have already stated, all of these oils have different 
chemical formulas. They have their individual boiling, 
fractional distillation and end points. They begin to dis- 
till out of the crude at a certain temperature and end at 
a certain temperature. 

You can take a number of oils and mix and distill 
them; they will all distill at their own individual points. 
Put them back, mix them again and distill again and they 


You have probably noticed ‘150. 


will do the same thing. This quality has proved of great 
use. If any other oils are mixed in with that being 
tested, they show up in the distillation. 


REFINERY PRACTICE 


The principal products that come off in distilling what 
are called cylinder stocks are perhaps of some interest. 
To the man operating the receiving house gravity is the 
all-important thing as he separates the products. The 
first vapor to come off would be the gasoline distillate. 
It looks like perfectly good gasoline but is passed to a 
farm tank. Sometimes they run for what is called 300 
mineral seals, a heavier kerosene, used for making signal 
oils for railroads and for mast lamps on boats. The next 
distillate is a gas oil, used in making artificial gas. It 
also is passed to one of the farm tanks. 

Runs from the paraffin crude yield a great many 
products that are not yielded by the asphalt crude. The 
gas oil distillate is followed by what is called the paraffin 
wax distillate. This goes to a farm tank. What is left 
in the tank now is referred to as 600 steam refined stocks. 
These can be still further reduced and separated into 
various grades of stock. The heavier portion of them is 
called crude petrolate, or commercially, vaseline. It can 
be filtered, heated to a high temperature and passed 
through fuller’s earth and bonedust until it becomes 
perfectly white. 

There is another process in refining the paraffin as well 
as the semi-paraffin oils, that is called running to dryness 
or to coke. It is practically the same and the products 
are the same until the steam cylinder stock left in the 
stills is reached. In the tar stills this cylinder stock is 
prepared for a higher temperature, and cracked into 
what is referred to by the trade as 28 paraffin. It is a 
very light-bodied oil, used largely for making greases. A 
25 pale paraffin oil is obtained that looks very good and 
is very good for certain purposes. A heavy oil called 25 
red and an even heavier, known as 23 gravity paraffin, 
come over as well. 

The semi-paraffin crudes yield a great many of the 
same products as the paraffin crudes, but the grade of 
steam cylinder stock is not as good. The asphalt oils 
yield about 5 per cent of gasoline distillate, 10 to 12 per 
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cent of kerosene distillate and the rest in the form of 
lubricating oils. There is very little if any paraffin wax 
in the asphalt crude. In running to dryness or to coke 
petroleum coke is left in the still. It is one of the purest 
forms of carbon. In wet distillation we do not get any 
coke. 


Farm TANK STORES 


Let us go back and see what is to be done with the 
various products held in the farm tanks. The naphtha 
cut can be brought back to the stills and further sepa- 
rated into a line of products with very light gravity and 
very low boiling point—cymogene, rhigogene, pentane 
and petroleum ether. Those are so light as to be almost 
gas, and they have to be kept cold. They derive their 
names from their chemical formulas. 

The second cut yields high-test gasoline which would 
be 86 to 90 Baumé. The commercial gasoline is 60 to 
64; then come benzine and gas naphtha. In the second 
cut come the illuminating oils also. They go back to the 
still and are fractionated into water-white, prime-white 
and standard export. The water-white is the high-grade 
kerosene. Prime-white is not as good in color and not 


redistilled at high temperature under pressure, the small 
molecules breaking up until they yield a number of dif- 
ferent light oils. A skimming plant, for instance, will 
put the crude oil in the still and take off the gasoline 
distillate. This they may refine further themselves or 
sell, and they will sell all the remainder as fuel oil. They 
may take off down to a certain product, say vaseline, sell 
the product as fuel oil and specialize on the vaseline. 
From the residue some curious products are obtained, 
such as roofers’ wax, a very heavy, sticky substance, used 
in the manufacture of artificial leathers and in making 
other leather goods. Crude scale wax is cracked from 
the paraffin distillate. This is taken to the wax house 
where it is put into hydraulic presses and refrigerating 
machinery and solidified. The oil is pressed out and the 
wax is sold as crude scale, semi-refined or pure refined. 
The pressed oil again goes back to the steam stills and 
from it some 300 oils are distilled as well as the neutral 
oils. Some of these are very light in viscosity and color 
and are called non-viscous neutrals. They are used largely 
as lubricating oils in very light machinery. For certain 
purposes these oils are placed in large, open, flat tanks 
on top of warm water and bleached by the rays of the 
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as high in fire test. The standard export is our coarse 
grade of kerosene. All of these various products are not 


run by any one manufacturer. 


Everything that is left is crushed, put into a still and 


sun. For other purposes they are further refined and are 
filtered to color through fullers’ earth and bonedust. 
These are called sun-bleached, bone-filtered neutral oils. 
Some of the heavy red neutrals belong in this class. Those 
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are the best oils that can be made from the paraffin crude. 

Left in the still is the dark cylinder stock, the 600 
steam refined stock. I have shown how, by another 
process, this is cracked up into paraffin oils. It is car- 


81 
is a strong movement toward the use of oils as fuel all 


over this country. A great number of ships are under 
construction and practically all of them will use oil as 
fuel. This means that the gasoline distillate will be 
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ried back to the steam stills and further reduced into 
various grades of cylinder oils, running in viscosities of 
about 140 sec. at 210 deg. up to about 200 sec. The lighter 
oils are used for steam cylinder lubrication. Some of 
them are compounded with tallow oil or with lard oil, 
and sometimes a mixture of the two, depending upon 
what the oil is to be used for. The higher viscosity and 
the higher flash-test oils are used for superheated steam 
cylinder lubrication where temperatures are very high, 
and they are also used for differential and transmission 
oils. 

Neutral oils from the paraffin crudes are seldom above 
200 see. viscosity, so that to secure higher viscosity for 
gas-engine lubrication, heavy tractors and extra heavy 
automobiles, a neutral oil and what is called a cold-test 
filtered cylinder oil are mixed. 


CONSERVATION OF PETROLEUM PRODUCTS 


As I have shown you, there is an enormous production 
of crude petroleum and great possibilities in producing 
oils from the shale rock. None the less we should con- 
serve all petroleum products, not any one of them but all 
of them. While we have a very large visible supply, there 


extracted from oils to make the flashpoint safe for the 
bunker oils and we shall lose all the lubricating oil, all 
the paraffin wax, vaseline, coke and other oil products. 
We do not yet know what may come out of Mexico. 
There is a wonderful oil field down there, but we all 
realize what the conditions are. 


This business is very 
hazardous. 


We cannot expect very many men to invest 
heavily under the circumstances. 

More oil is wasted than is used. I will venture to say 
that 96 per cent of the complaints investigated on the 
lubrication of gas, automobile and truck engines are 
based on the excessive use of lubricating oil. We waste 
as much oil as is needed to lubricate all the automobiles 
in this country. As much oil passes the piston and is 
burned up as we consume in actual lubrication. If you 
will investigate your own troubles, you are likely to find 
that a great many of them are traceable to excessive use 
or the wrong grade of lubricating oils. 

I have explained some of the important physical meas- 
urements in use today, but these measurements are no 
guide to value in selecting oils for internal-combustion 
engines. Viscosity is a guide to suitable body, but there 
are two qualities in a lubricating oil for which there is 
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no measuring apparatus. Quality in lubricating oils 
means two things, cohesion and adhesion. By cohesion 
we mean that quality of an oil which permits the particles 
forming it to stay together at high temperature. Adhe- 
sion is the quality which permits an oil to stay on the 
walls of a cylinder, on the pistons and piston rings, at 
high temperature. Without that quality lubrication is 
not the best possible; we do not get out of a gallon of 
‘ fuel the mileage that we should. 

It is hardly likely that the fuel of the future will be 
any lighter than it is now; if anything, it will be heavier. 
Unless we develop some means of introducing fuel into 
the explosion chamber in practically liquid or vapor form, 
more fuel instead of less will pass the piston. 

Tue Discussion 

A. J. SCAIFE: I would like to ask what difference has 
been made in the production of gasoline by the new 
method of distilling oil under pressure? 

Mr. CUNNINGHAM: It has increased the yield very 
materially. For example, the Oklahoma, Kansas and 
northern Louisiana fields are today furnishing the greater 
portion of the oils that are high in gasoline content. They 
are not the highest in gasoline content, but are the largest 
producers of oils that are high. Those oils will average, 
under ordinary conditions, with combination steam and 
fire stilling, from 18 to 20 per cent of naphtha or gaso- 
line distillate from which gasoline is manufactured. With 
the Burton, the Rittman, or any of the well-known crack- 
ing processes, they can increase this yield to 40 or 45 
per cent. In other words, they can take off the first cut 
and get 18 or 20 per cent. Then sometimes they take off 
the second cut, which would include the kerosene dis- 
tillate, the 300 mineral seal oil distillate and the gas-oil 
distillate, which would probably total 20 to 25 per cent 
more. They put these into the cracking stills and get 
practically all out in a gasoline distillate. Some of the 
other processes are continuous. Instead of taking off 
two or three cuts they keep cooking the stuff over and 
cracking it until they get everything possible out of it. 
Sometimes there is nothing left but coke. 

Mr. SCAIFE: Does that not mean less kerosene, and 
practically no product between gasoline and lubricating 
oil? 

Mr. CUNNINGHAM: Yes, and less lubricating oil. They 
probably might get out a large yield, say 40 to 50 per cent 
of gasoline distillate and some heavy fuel oil with about 
20 to 21 gravity fuel, but the residue would be coke. In 
cracking for gasoline, most of-the other products and 
lubricating oils are destroyed to increase the yield of 
gasoline. 

W. W. WELLS: I would like to ask if it is not true that 
when an oil is cracked it breaks up into a lighter as well 
as a heavier or denser medium. In other words, when it 
is cracked down to the coke process the residue is coke. 
If it were distilled at a lower temperature without crack- 
ing would it not all be distilled? 


Mr. CUNNINGHAM: If it weré distilled without the in- 
creased temperature and without pressure, the vayious 
products would come off in their rotation. The first 
product would be naphtha distillate, the next kerosene, 
the next gas oil and the last wax oil distillate, if the 
run was a paraffin crude. Then the cylinder stocks would 
be left in the tank. But when oil is cracked all the 
heavier oils come off as lighter products. In other words, 
the bigger end of the kerosene distillate, the gas oil dis- 


tillate, is turned into gasoline or naphtha, as we might 
call it. 
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Mr. WELLS: 
heavier oil? 


Mr. CUNNINGHAM: Oh, no. In the cracking process, 
coke always results; decomposition forms coke. I am 
glad this point has been raised. We hear a great deal 
of talk about carbon. “Well, how much carbon is in 
your oil?” is a question very familiar to an oil salesman. 
They might just as well ask how much carbon is in a 
chair or a piece of wood. It is true that carbon is a con- 
stituent part of oil, but it is not present until it is 
produced. That brings up the high flash point again. We 
can get into trouble by asking for a high flash-point oil. 
What we are likely to get is a 600 steam refined stock 
that will flash at 555 deg. fahr. That is about the aver- 
age of it, but that oil will boil at about 385 deg. fahr., 
and when it or any petroleum starts to boil, it begins to 
decompose and form fixed carbon. Fixed carbon is almost 
as hard as carborundum. It is the kind that does the 
damage in an automobile engine. The Conradson test 
has shown that carbon precipitates very rapidly under 
high temperatures and pressures. I have seen an oil of 
25 gravity change to 35 gravity after distillation, show- 
ing how it had lightened up, and the lighter it became 
the greater the amount of hard carbon we found when 
we weighed it. In the early days of the gas and automo- 
bile engine all of us in the oil business as well as the 
engine builders, thought we had to have a very high flash 
point oil. I really believe this was one of the things that 
retarded progress at that period. We delved in the cyl- 
inder stocks with very disastrous results because in a 
short time spark-plugs were all smudged and so much 
carbon had formed that we had pre-ignition and all the 
familiar troubles. 

Mr. SCAIFE: Why are we fooling with kerosene car- 
bureters, then? 

Mr. CUNNINGHAM: Well, inventive genius must have 
its vent, and there might come a time when we would need 
such a carbureter; not perhaps a kerosene carbureter but 
something to fit a situation like this: If it became neces- 
sary, we could take, say, 15 or 18 per cent of gasoline 
normally yielded and 35 or 40 per cent yielded from some 
of these crudes, which would give about 55 per cent fuel. 
If it was taken from some of the eastern crudes from 
which we get 48 to 52 gravity kerosene, we would prob- 
ably have a fuel around 50 gravity and that would not 
be such a bad proposition if it could be got into the 
explosion chamber of the engine in good shape. The 
value of fuel is computed on its British thermal units 
and these are computed on the pounds. The heavier the 
gravity, Baumé, the more pounds per gallon, conse- 
quently the more miles per gallon. 

S. G. THOMPSON: Would the products not come from 
the same manufacturers? The price would be controlled 
in any event. 

Mr. CUNNINGHAM: Yes. Then we would very likely, 
in a short time, be paying gasoline prices for kerosene. 

H. G. WELFARE: I would like to know whether any 
other bleaching method such as ozone is used, or whether 
it is all stlphuric acid or sun. 

Mr. CUNNINGHAM: The neutral oils are distilled from 
the crude while paraffin oils are distilled from the resi- 
due. In the manufacture of neutral oils, some are sun- 
bleached and also filtered to color. The paraffin oils are 
invariably acid treated and bleached to color. The asphalt 
oils are all acid treated to color and some of them are 
filtered. Filtering is the best means of purifying them 
and getting all the coaltar dye colors out of them, but it 
is very expensive, because after the oils have passed 


Without bringing a residue of coke or 
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through the filters several times, the filtering material 
must be cleaned or thrown away. I venture to say that 
it costs 5c. per gal. to pass an asphalt base oil through 
the filter and 10c. to filter petroleum. That is the reason 
the red is taken and mixed with the E stock. 

E. L. CLARK: Is there any great difference in mixtures 
of oils, any combination that does not become thin when 
the temperature is raised or thicker at a different tem- 
perature? 

Mr. CUNNINGHAM: An oil of medium body mixed with 
a cylinder stock much heavier in viscosity, becomes more 
viscous, and an oil can be loaded with sufficient cylinder 
stock to put the viscosity up many hundred points. The 
gravity can be changed, also, but if oil is put into an 
Engler bottle and distilled it comes out at the same boil- 


ing point. It will always cook at the same point. That 
cannot be changed. 
Mr. CLARK: That does not cover the point I had in 


mind. A mixture undergoes a certain change. A viscos- 
ity test taken, say, at 200 deg., shows a different viscos- 
ity. Now is there another mixture that would change 
proportionately less when raised to 200 deg.? 

Mr. CUNNINGHAM: No; but you can get this result: 
We will say one oil is 200 sec. at 100 deg., and another 
is 500 sec. at 100 deg. Run these oils at 300 deg. fahr., 
and they will have practically the same viscosity. The 
viscosity of mineral oils comes to almost a common level 
when a certain temperature is reached, and around 300 
deg. the curve would come down and then go off on a 
straight line. 

Mr. CLARK: That is a rather remarkable thing, be- 
cause the paraffin comes out of the same mixture, and 
just above its melting point its viscosity runs propor- 
tionately. Cool it down and you have a solid. One would 
think there were variations through that part of the 
process which would show a different rate of charge. 

Mr. CUNNINGHAM: In the oil under discussion, or in 
any cylinder stock it is loaded with, the paraffin has been 
removed; there is no paraffin wax in it or in the cylinder 
stock. It is distilled from the oil that is pressed out 
of the wax. In other words, it is pressed oil. That is 
how low cold-test oils are made from the paraffin crude. 
The asphalt oils, of course, are naturally low cold-test 
oils. They contain little wax, some of them none. They 
have naturally, however, a low cold test. There is a 
great deal of misunderstanding about the cold test. I 
have no means of demonstrating it here, but for instance, 
a zero cold test does not mean that the liquid is at zero, 
because every degree of temperature down makes it 
heavier, no matter what its cold test is. Of course, the 
cold test does not affect gasoline and kerosene so much. 
Around 50 or 60 deg. below zero, however, kerosene would 
commence to get rather milky. Any oil that can be 
poured at zero is said to have a zero cold test, but you 
understand it might be 2500-sec. viscosity at zero when 
it poured. 

Mr. CLARK: If two oils having the same viscosity at 
a certain temperature, say freezing point, are both low- 
ered 10 deg., and still have the same viscosity, will they 
have the same viscosity at another 10 deg. below? 

Mr. CUNNINGHAM: If they were made from the same 
crude, and had the same viscosity at, say, 100 deg., they 
would have practically the same viscosity at zero. 

Mr. CLARK: All mixtures, then, would have the same 
viscosity at proportionate temperature? 

Mr. CUNNINGHAM: Two neutral oils made from the 
same crude, and with the same viscosity at 100 deg., and 
same cold test, would have the same viscosity at zero; 
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there would be no difference in them. But if one of them 
was 150-sec. viscosity, and the other 200, and to make 
the 150 oil 200 sec. some cylinder stock was put in, there 
would be a different viscosity at zero, as cylinder stock 
will congeal very much more rapidly than neutral oil. 

Mr. CLARK: There is a difference, then, between dif- 
ferent mixtures at a change of temperature? 

Mr. CUNNINGHAM: Yes; depending upon the charac- 
ter of the oil mixed. For instance, a 600 steam cylinder 
refined oil is practically solid at 400 deg., hence any 
quantity of that mixed with a little oil would start to 
congeal very rapidly as the temperature went down, much 
more rapidly than a lighter oil. 

Mr. STOLTING: Would the viscosity at the high tem- 
peratures not be a measure of the quality of cohesion 
and adhesion? 

Mr. CUNNINGHAM: Not always. The higher an oil 
is in viscosity the better it will seal the piston, provided 
other very undesirable results are not obtained. Even 
with its high viscosity it might not form a good seal 
at high temperature. At 255 or 260 deg. fahr., the esti- 
mated temperature of the surface the piston is working 
on, all oils are getting pretty close to the same viscosity, 
and while the thickness of the oil may prevent some 
gas from going by the piston, tests have shown that 
the way the oil is made and its quality, rather than its 
viscosity, count. 

C. W. MILLER: After the stock is cracked up how 
does the carbon come down into the bottom of the still? 
Is it in the form of a hard chunk? 


Mr. CUNNINGHAM: That is its shape in the bottom 
of the still. It will range from 3 up to 10 or 12 in. in 
thickness. It is pure carbon, the purest, next to dia- 
monds, and is ground up into powdered form and used in 
making carbon brushes and by manufacturers of steel 
and other materials. 

FERDINAND JEHLE: Would you consider a mixture 
of cylinder stock with a light neutral oil a good thing? 

Mr. CUNNINGHAM: Some of them make very good 
oils, provided a high grade of both is used. I might 
say, of course, that there are limits to the viscosity, be- 
cause cylinder stocks, while they are very viscous, and 
high in flash point, go close to coke, and will decompose 
at fairly low temperatures. Care is needed in the use 
of them if a large quantity of the cylinder stock is added, 
because of the carbon, but for some of the very heavy- 
duty gas-engine work this oil is used straight. For its 
big engines the Bethlehem Steel Co. uses almost straight 
cylinder stock, and it makes, in fact, the best oil that 
can be secured from the paraffin crude. 

E. T. BIRDSALL: Take an engine cylinder in which 
the surfaces are good and the rings fit as they would 
if they were lapped in; here an oil is needed for lubri- 
cating purposes only, not as a seal. Now, since all have 
the same viscosity at about 270 deg., which is what we 
run when a cylinder gets warm, why is the ordinary 
oil not about the best oil to use, all things considered? 

Mr. CUNNINGHAM: It would be under those condi- 
tions, because you need nothing then but high-speed shaft 
lubrication. For any large spindle revolving rapidly a 
200-viscosity neutral oil would be the ideal lubricant. 
A straight neutral oil also gives very good results in 
many automobiles, where the pistons fit rather snugly 
and there is good material and good mechanical work. 

Mr. BIRDSALL: Is the oil known as 600-W which we 
buy the same as the 600 you have been discussing? 

Mr. CUNNINGHAM: The 600-W is a brand of cylinder 
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oil that has been put up by the Vacuum Oil Co. for years. 
It is made in two forms. One is the straight mineral, 
used where straight mineral oils are required. For 
instance, where there is condensation no mineral oil 
can be taken back with the steam to the condensers. In 
many cases of superheated steam, where there is high 
pressure and high temperature, we use straight mineral 
oil, because it will atomize under the high temperature 
of the steam. This company also makes a 600-W com- 
pound. I do not know exactly what the compound is, 


100 deg. fahr., and has a comparatively low cold test. 
For some lubricating purposes it is really a wonderful 
oil. In driving a racing car 200, 300, or 500 miles, 
castor oil has given some very good results, because it 
has great cohesive and adhesive values; that is, it will 
stay put at high temperatures and stay together at high 
temperatures, but it decomposes very rapidly. It has 
been used to a large extent in some of the rotary-type 
engines in airplane work, but I have found in some of 
my work that the asphalt base oils, some of the high- 
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probably a good portion of acidless tallow and some lard 
oil, but it is very high grade. Of the two grades, com- 
pound and mineral, the former is used where the steam 
has less pressure and is more saturated, and the latter 
is added, as it will atomize with the steam and coat the 
walls of the cylinder. While 600-W is very good in 
transmission lubrication, and is used very largely in 
the cylinder lubrication of the steam automobile, many 
people have been confused by 600-W as a brand and 600 
steam refined stock, which is purely a refinery term. 
The average steam cylinder oil sold by the refiner to 
the jobber is called 600 steam refined stock; in other 
words, it is the stock just as it comes from the still. 
When filtered it is called HM, M, or E stock, according 
to the grade. If it is made of cold test oil, which is a 
treatment of gasoline and redistilling, it is called E 
filtered. It would probably have a cold test of about 
25 deg. fahr.; in other words, it would pour at that. 

Mr. KEISTER: I would like to ask about the difference 
between mineral and castor oil. 

Mr. CUNNINGHAM: Castor-bean oils run high in vis- 
cosity. The average oil is about 2200-sec. viscosity at 


viscosity base oils, have practically all the characteristics 
of well-made castor bean oil while they do not have the 
carbon results. I did not think it necessary to go into 
the use of castor-bean oil in internal-combustion engines 
because we have some Mexican crude which is about 
10 gravity from which we can extract very good lubri- 
cating oils. 

Mr. KEISTER: Have animal 
internal-combustion engines? 

Mr. CUNNINGHAM: Not to my knowledge; but if they 
were used, there would be considerable carbon trouble, 
because they decompose more rapidly than any of the 
others; more rapidly than the vegetable oils. 


MR. WELFARE: I would like to ask one more question 
about a product on the market called petroleum coke. 
The sample Mr. Cunningham has shown is very solid 
and hard. The coke I mean is like solidified foam, and 
very porous. 

Mr. CUNNINGHAM: Well, that was ground up. This 
could be ground up. I have seen this in blocks around 
the refinery that would fill a bushel basket. 


oils ever been used in 


ROAD CONSTRUCTION WORK HERE AND ABROAD 


URING May the Secretary of Agriculture approved proj- 

7 ect statements for 124 Federal Aid projects, involving 
the improvement of 750.87 miles of road at a total estimated 
cost of over $15,000,000 on which Federal aid of over $6,000,- 
000 was requested. This was a record month in road work 
for the country. Eighty-one improvement projects involving 
667.71 miles of road at a total cost of nearly $8,000,000 were 
executed during the month. On this work over $3,500,000 
Federal aid was set aside in the treasury. At the close of 
the month fifty-nine additional projects were in process of 
execution. There are now a total of 1188 projects involving 
11,350 miles of road at a total estimated cost of over $108,- 
000,000, on which Federal aid of over $43,000,000 has been 
approved. On the same date 617 project agreements had 
been executed involving 5291 miles of road, at a total esti- 
mated cost of over $47,000,000 of which $19,500,000 was from 
Federal funds. 

While the progress of the states in this work appears to 
be rapid, it is in reality but a small start toward the nation- 
wide work that is needed. Reports show that foreign coun- 
tries have undertaken a much larger road building program 
in proportion to their area and population. 

Congress has appropriated a total of $275,000,000 for use 
in road construction work up to and including the fiscal year 
of 1921, which when matched with the State appropriations 
makes the total available $550,000,000. This money is to be used 
on all or any part of the 2,500,000 miles of rural highways 


in the United States. Against this figure, France is concen- 
trating a fund of $152,000,000 on 65,000 miles of national high- 
ways, a large proportion of which has already been improved. 
In England the total road mileage is 150,908 and $100,000,000 
has been made available for road work. Statistics prepared 
for the Joint Congressional Committee on Roads show that 
England has 2.571 miles of road to every square mile of area, 
France 1.750 miles and the United States 0.739. There are 
108 French citizens to every mile of road, 239 Englishmen 
and 41.81 Americans. We cannot meet the French ratio of 
mileage to area until we have twice as many miles of high- 
ways as we have at present and the same English ratio can- 
not be met until we have three times as many miles. China 
and Japan are undertaking extensive road building programs 
and the former has organized a commission to visit foreign 
countries and make recommendations for the expenditure of 
large grants that have been made for a system of hard-sur- 
faced roads. 

Close estimates show that %4 per cent or 6250 miles of our 
highways are hard-surfaced at the present time. Estimates 
prepared by engineering authorities show that we could well 
afford to spend $1,250,000,000 on a hard-surfaced system of 
50,000 miles which could be located so as to serve directly 46 
per cent of all the counties of the United States, while 41 per 
cent of all the others would be directly adjacent to it. At an 
annual expenditure of $100,000,000 the fundamental system 
would be completed in 12% yr. 
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Activities of S. 


LL of the various Sections of the Society have discon- 
A tinued their regular meetings for the summer season. 
These meetings will be resumed in the early fall, and it is ex- 
pected that with the return of so many members who have 
been engaged in various Government activities on account of 
the war that the work of the Sections will be entered into with 
even more enthusiasm than was the case last year. 

The new officers for the coming year have been elected by 
the several Sections and the results of the balloting were, in 
most cases, announced in: the June issue of THE JOURNAL. 
Photographs of the newly elected officers will be found on 
the following pages: 

The complete list of the secretaries of the different Sections 
is given below: 


Buffalo—Roger Chauveau, 1100 Military Road, 
Buffalo, N. Y. 
Cleveland—A. E. Jackman, 1900 Euclid Avenue, 


Cleveland, Ohio. 
Detroit—Ralph H. Sherry, 121 Hazelwood Avenue, 
Detroit, Mich. 
Indiana—W. 
apolis, Ind. 
Metropolitan—A. M. Wolf, 114 East Sixteenth Street, 
New York City. , 
Mid-West—C. S. Rieman, 
Archer Avenue, Argo, Ill. 
Minneapolis—C. T. Stevens, 1: 
Minneapolis, Minn. 
Pennsylvania—G. W. Smith, Jr., 309 Hillside Avenue, 
Jenkintown, Pa. 


S. Reed, 1602 Bank Building, Indian- 


Sixty-first Street and 


2 
> 


South Ninth Street, 


The final meeting of the Indiana Section for the year 
1918-19 was held June 14. Ninety-one members and guests 
enjoyed a fried chicken dinner which preceded the meeting. 

After dinner moving pictures of the 500-mile race at In- 
dianapolis were shown and L. H. Pomeroy, formerly chief 
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A. E. Sections 


engineer of the Vauxhall Co. of England, spoke on the differ- 
ence between English and American manufacturing methods 
and on the engine of the future. 

The recently elected Chairman of the Section, D. L. Gallup, 
presided and named the following committees: 


Entertainment—C. §S. Crawford, chairman; G. A. 
Weidley and E. A. Bessom 


Publicity—C. S. Ricker, chairman; E. B. Reeser and 
Don Webster 


Papers and Meetings—H. C. Marmon, 
W. G. Wall, C. E. Jeffers and F. N. Nutt 


Due to the resignation of A. L. Nelson, who was elected 
secretary-treasurer at the May meeting, a new election was 
held and W. S. Reed was named to fill the vacancy. 

At the June meeting of the Mid-West Section, held on the 
6th, a paper on “Principles of Manifold Design” was pre- 
sented by F. C. Mock, chief engineer, Stromberg Motor De- 
vices Co., Chicago, Il. 

One of the most interesting meetings in the history of the 
Pennsylvania Section was held at Wilkes-Barre, on June 14. 
The attendance at this meeting, which was the first held out- 
side of Philadelphia, was fifty-seven. The Section was en- 
tertained by the Sheldon Axle & Spring Co. The plant of 
this company was inspected in the morning and after lunch 
a 55-mile automobile ride was taken to McMichael’s Inn 
where dinner was served and a business meeting held after- 
ward. At the meeting the following officers were elected for 
the season of 1919-20: Chairman, A. K. Brumbaugh; vice- 
chairman, C. A. Musselman; treasurer, W. H. Sackman, and 
secretary, G. W. Smith, Jr. 

The Constitution and By-Laws for Sections, as approved 
by the Society, were adopted. B. B. Bachman was elected 
Section Representative on the Nominating Committee of the 
Society with G. W. Smith, Jr. as alternate. 


chairman; 





THE 


CONCLUDING MEETING OF THE INDIANA SECTION FOR 


THE 


1918-19 SztaAsON Was PRECEDED BY A CHICKEN DINNER. 





BUFFALO SECTION 
T. MATHEWSON, Chairman H. R. Corse, Vice-Chairman ROGER CHAUVEAU, Secretary HarRRY HovuseE, Jr., Treasurer 


CLEVELAND SECTION 
Snow, Chairman H. H. Newsom, Vice-Chairman A. E. JACKMAN, Secretary K. B. BRITTON, Treasurer 


DETROIT SECTION 
W. A. BrusH, Chairman E. G. GuNN, Vice-Chairman R. H. SHERRY, Secretary 2) ’. SEAHOLM, Treasurer 


INDIANA SECTION 
GALLUP, Chairman STANLEY WHITWORTH, V-Ch A. L. NELSON, Sec 
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METROPOLITAN SECTION 
Vice-Chairman A. M. Wotr, Secretary L. 


BERGMAN, Chairman ‘.. F. Scort, G. NILson, Treasurer 





MID-WEST SECTION 


DENT PARRETT, Chairman SMITH, Vice-Chairman C. S. RIEMAN, 


Secretary F. W. PARKER, JR., Treasurer 
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J. L. Mowry, Chairman A. W. SCARRATT, V-Ch. Sc Fs 
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Non-Stop ‘Transatlantic Flight 


T last the dream of the most ardent advocate of 
aviation has been turned into a reality. The At- 
lantic Ocean has been crossed in a single flight 

by an airplane. Hardly had the world recovered from its 
surprise at the wonderful feat of the NC flying boats in 
crossing from Rockaway to Plymouth when it received 
another thrill on June 15 by the non-stop transatlantic 
flight of Captain Jack Alcock and Lieut. ‘A. W. Brown, 
who piloted a Vickers-Vimy airplane from St. John’s, 
N. F., to Clifden, Ireland. This distance of 1900 miles 
was accomplished in 16 hr. 20 min., giving an average 
speed of 120 miles per hr. 

The plane used was originally designed as a bombing 
unit and was equipped with two Rolls-Royce Eagle type 
engines. The principal change required to adapt the ma- 
chine for its long flight was the substitution of addi- 
tional fuel tanks for the bomb racks and bomb dropping 
gear. The plane had a wing span of 67 ft., a chord of 8 
ft. 9 in., a gap of 12 ft. and an overall length of 42 ft. 8 
in. Seamless steel tubing entered largely into the con- 
struction of the plane from the nose to well behind the 
planes, thus giving strength and elasticity. The under 
carriage, which was of sturdy construction, was made in 
two parts, with a two-wheeled chassis placed directly un- 
der the engine. The weight of the plane when fully loaded 
was slightly in excess of 13,000 lb., of which approxi- 
mately half was 1090 gal. of gasoline arranged in eight 
separate fuel tanks. These tanks and the fuel feeding 
system were so devised that the level of the eight tanks 
was reduced at the same rate, thus keeping the plane 
evenly balanced. In addition there was a gravity tank 
at the top of the fuselage which was arranged so as to 
be emptied first. This contained sufficient fuel for the 
first 2 hr. of the flight, and after its contents were ex- 
hausted it could be employed as a life raft if the necessity 
arose. 

The engines used were twelve-cylinder units with a 
414-in. bore and a 6'-in. stroke. They were rated at 
360 hp. at a normal speed of 1800 r.p.m. and, including the 
reduction gear which reduced the propeller speed to 1080 


r.p.m., weighed 877 lb. Machined steel forgings fastened 
to the crankcase by four bolts were used for the cylinders. 
The heads were of spherical shape and the valve ports 
were integral with the cylinder, the valves being inserted 
in an inclined position. Two-piece pressed steel water- 
jackets were welded to the cylinders. Aluminum pistons 
were employed, and the connecting-rods were steel forg- 
ings machined all over. These rods are of the so-called 
articulated pin type where the main rod carries a pin 
on the big end, on which is pivoted the articulated rod 
serving the other side of the engine. 

The crankshaft is of the standard six-cylinder type and 
is bored out on pins and journals to carry oil as well as 
reducing weight by removing material that is not actu- 
ally needed. This form of crankshaft construction pro- 
vides a pipe that supplies oil under pressure to all the 
working joints of the engine mechanism. It receives its 
supply under pressure through the main bearings and in 
turn feeds the lubricant to the connecting-rod big end and 
to the piston-rings through pipes in the connecting-rod. 
The lubrication of the cylinder walls is accomplished by 
the oil which leaks from each end of the crankshaft bear- 
ing and the connecting-rod being flung against the walls 
by the cranks. A geared pump at the rear end of the en- 
gine supplies the lubricant under pressure from an ex- 
ternal tank that is mounted in such a position that it is 
cooled by the air-draft. The oil which drains into the 
crankcase and is returned to the external tank after 
straining is taken care of by a different portion of the 
same pump. Oil does not accumulate in the base cham- 
ber and therefore is not subject to heating by conduction 
from the engine. The crankcase is made of two aluminum 
eastings. The upper half is designed for rigidity and the 
lower half, which is fastened to it by a large number of 
bolts, provides additional stiffness. 

The camshaft, magneto and other auxiliary drives are 
located at the rear of the engine. The water and oil 
pumps are mounted on the accessories drive unit at the 
rear of the engine. The inlet and exhaust valves 
operated through rockers from a camshaft 


are 
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across the top of each row of cylinders. This mechanism 
is completely enclosed and is lubricated from the main 
system. A single centrifugal pump at the rear end of the 
engine operates the circulating system. The hot water 
is taken from the uppermost point of the cylinders and 
conducted to the radiator through two manifolds and en- 
ters the jackets at their lower ends through two pipes. 


The ignition system consists of four six-cylinder mag- 
netos for each engine, thus giving each cylinder two en- 
tirely independent systems. The carbureters, four in 
number, are provided with means of adjustment to take 
care of changes in climate and altitude encountered in 
flight and are designed to feed three cylinders each 
through an inlet pipe that divides into three branches. 


MULTIPLE-ENGINED AIRPLANES 


[ the outbreak of the war, the idea of constructing 
A planes to be driven by two engines had been broached 
and discussed, detailed designs had been made for such ma- 
chines and their powerplant equipment, experiments had been 
conducted, and at least one multiple-engined airplane, the 
Sikorski, had been constructed. Nevertheless, it was not 
until June, 1915, that information was received of the definite 
appearance at the front of a twin-engined German airplane. 
Although the Germans were thus, apparently, the first to em- 
ploy such a machine for active military service, they were 
probably anticipated as regards actual construction by the 
French twin-engined Caudron biplane and the British twin- 
engined Dyott machine., The last-named, it is interesting to 
note, was actually designed before the war and in many re- 
spects anticipated the design of the German Gothas of 1917. 
It was built in 1915, and subsequently flew successfully, al- 
though it failed to receive official approval, for some reason or 
other. 

The three-engined airplane had also received some atten- 
tion when the war broke out, notably so from the Italian 
Caproni, who, in 1914, built and flew a biplane equipped with 
two 80-hp. tractor engines and a 90-hp. pusher engine. Sub- 
sequently, in 1915, the same designer built a successful biplane 
fitted with three 150-hp. engines. As the war progressed 
and the demand arose for heavy bombing machines, the twin- 
engined airplane took a permanent place in the aeronautical 
services of all the belligerents. Of these, the Gotha with two 
260-hp. engines and the Handley-Page with two 350-hp. units 
may be taken as typical. 

Toward the end of the war the four-engined machine had 
definitely appeared, and was being built in considerable num- 
bers, in England, at least, while a five-engined German ma- 
chine was brought down in France in August, 1918. Since 
the armistice was signed, the four-engined machine has be- 
come quite familiar, and the development of the five-engined 
design has progressed to the extent that there is now in exist- 
ence a large British seaplane equipped with five Rolls-Royce 
engines which has flown successfully. We have as yet not 
heard anything definite about a six or seven engined machine, 
but we have Major-General Seely’s authority for saying that 
the designs for a huge seaplane equipped with eight separate 
engines have been completed. 


THe PoweRPLANT PROBLEM 


The airplane powerplant problem at the present moment is 
a peculiarly complicated one, and in no respect is its com- 
plexity greater than in multiple-engined machines. A very 
strong reason for fitting an airplane with more than one en- 
gine, at least so far as civilian flying is concerned, is, of 
course, the increased safety insured by so doing. With a 
twin-engined machine the chances of both failing before a 
safe landing can be effected are now very small. During the 
war, it may be said by way of illustrating this remark, a 
Handley-Page bomber as a result of a direct hit had its lower 
wings reduced to shreds and tatters and one of its engines 
put out of action; yet this machine flew back 60 miles to its 
airdrome, and alighted there safely. With a three-engined 
machine, it may be taken that all chances of having to make 


a forced landing as a result of engine trouble developing are 
eliminated. A four-engined airplane possesses the same 
characteristic, and with something over. Indeed, it can be 
asserted that as regards the avoidance of forced descents the 
four-engined machine possesses a factor of safety which is, 
or should be, satisfactory to all concerned. To increase the 
number of engines above four on the grounds of safety is 
clearly superogatory. 

Setting aside such cases, if there be any, in which the mul- 
tiplicity of engines is dictated by a desire to utilize existing 
stocks left over from the war program, it might be suggested 
that several small units are preferred to one or two larger 
units because the design and production of the former have 
been brought to a considerable degree of perfection, whereas 
the large aircraft engine possessing an equal trustworthiness 
has yet to be built. So far as air-cooled engines are con- 
cerned, it may be true that large units are not installed be- 
cause large units are not yet available. On the other hand, 
the largest size at present made, we have recently seen an 
air-cooled engine developing 500 b. hp., is sufficient to effect 
a reduction of some 25 per cent in the number of engines fitted 
on the four-engined Handley-Page machine. 

Water-cooled engines of 500 hp., such as the eighteen- 
cylinder, three-row Sunbeam, have been manufactured in this 
country for some time, while engines of 1000 hp. are within 
reach of present-day production. In support of the latter 
assertion, it may be said that a twelve-cylinder Liberty en- 
gine has, under special conditions, developed 526 hp., and that 
a twenty-four-cylinder engine of the same design has been 
made recently and tested with satisfactory results. 

It seems clear, then, that the tendency to multiply the 
engine units on an airplane cannot be set down wholly to a 
deficiency of large powered engines. The true reason, or a 
large part of it, for adopting a multiplicity of engines lies, 
in fact, not with the aircraft engine builder, but with the 
makers of the airplane itself and of its propellers. The eight- 
engined seaplane referred to by General Seely will probably 
have a horsepower of nearly 3000. Even were a thoroughly 
trustworthy 1000-hp. aeronautic engine available, it is doubtful 
if in the present state of the aircraft building art the de- 
signers would have chosen to do other than employ eight 
small engines rather than three large; for by splitting up 
the power between a number of units, they effect a correspond- 
ing distribution of the flying stresses in the structural parts 
of the machine. Further, it can be asserted that the airplane 
propeller capable of using 1000 hp. on a scale of efficiency 
comparable with that manifested by smaller existing propel- 
lers has yet to be designed and made. It is to be noted that, 
as with the marine propeller, the higher the engine speed the 
more difficult is it to provide a propeller which will utilize 
the available power efficiently, and that aeronautic engine 
builders are already sacrificing something to meet the short- 
comings of the propeller by fitting reduction gearing on their 
higher speed engines. Thus the Rolls-Royce, Sunbeam, His- 
pano and Cosmos engines, all of which run at or over 2000 
r.p.m., are forced to employ reduction gearing, of approxi- 
mately a 5 to 3 ratio, because of the present impossibility of 


obtaining propellers capable of utilizing the full speed 
economically.—Engineer (London). 
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Current Standardization Program 


N the following account of the activities of the various 

Divisions only such subjects as will not be acted upon at 
the Summer Meeting of the Society are included. The report 
of the Standards Committee, as finally adopted at Ottawa 
Beach and submitted to the voting membership, will be 
printed in the August issue. 


AERONAUTIC DIvIsIOoN 


A meeting of the Aeronautic Division was held at New 
York City on June 5. In view of the pending problems of 
international standardization scheduled for consideration at 
a meeting of the International Aircraft Standards Confer- 
ence in the near future, special attention was given to a 
comparison of existing and proposed aircraft standards and 
specifications in this country with those in use abroad, with 
the idea of correlating our own standards within themselves 
and with foreign practice. To facilitate the business of the 
meeting informal Sub-Divisions were appointed to consider 
and report upon the various subjects before the Division. 


SPARK-PLUGS 


It was recommended that a standard aircraft spark-plug 
be adopted with the following essential dimensions: 


Length of plug below the gasket shoulder, in. ... We 
Length from shoulder to hexagonal portion, mini- 
NE a ranch ait eel ds bic Sale or Se waa bee « KW 9/16 
Outside diameter of body, maximum, in. ........ 0.967 
ee CN CR ons ni n.cen6/eewweno.e~ oe 1.000 


The plug is to be fitted with a combination terminal suited 
to either the ball type of terminal, as used on the Liberty 
engine, or the flat, Rajah, type clip. 

It was thought best to adhere to 14-in. length for thread, 
with a minimum overall length for the plug for the present, 
although it may later be desirable to have a standard plug 
with longer threads. It was pointed out that it is important 
to have the design of the recess directly under the shoulder 
such that it will locate the gasket properly, give uniform 
pressure when tightened into the cylinder and permit free 
and easy removal, but no decision was reached as to whether 
the surface of this recess should be cylindrical or conical. 


STARTING MAGNETOS 


On account of the widely varying dimensions of the differ- 
ent makes and because of the fact that this instrument is 
usually hand operated and self-contained and is not mounted 
on, or driven by, the engine it was considered advisable to 
make no attempt to standardize dimensions other than that 
of the space into which the magneto can be fitted. The sug- 
gested dimensions for this space are 


In. Mm. 
ct alain laemreh ieih's +016 denne ® wee 41600 9 228.6 
SS ere Ue ad acm thaw ete eeesia 6% 171.5 
a i a a aid ala de are wee 4 101.5 


MAGNETO DIMENSIONS FOR AERONAUTIC ENGINES 


The Sub-Division assigned to this work recommended that 
the existing S. A. E. Standard be retained but that the 
maximum cubic space required by the magneto be made 


In. Mm. 
Length, including magneto shaft ....... 10.000 254.0 
 ccvaceds Hoeanneedescaseneeuses 9.000 228.6 
eae i a al bol di sb ew oe 6.500 165.0 
Distance from base to shaft center...... 1.968 50.0 


This will permit interchangeability with the present stan- 
dard for four and six cylinder engines by using a 5-mm. 
shim under the base. The increase in width was recom- 
mended to provide space for larger distributor blocks and 
thus preclude the trouble experienced with blocks of insuffi- 
cient size. While magnetos made to this specification would 
not be identical with British standards, the essential dimen- 
sions would be such as to present a proper basis for correla- 
tion. A flexible adjustable coupling similar to that pro- 
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posed for impulse starters was recommended for all magneto 
drives other than those for radial and rotary types of en- 
gines. 


MAGNETOS FOR ROTARY AND RADIAL ENGINES 


It was recommended that the space to be provided for mag- 
netos for rotary and radial engines be 


In. Mm. 
Length, including magneto shaft ....... 7.50 190 
A Dae ip etal RNS LS), Pee 6.50 165 
EE fe dg hw oe 6 als alae eo Bakes div ulvs acc 3.75 95 


These dimensions conform to the British standard overall 
measurements except in width, which is 90 mm. 

In this type of magneto the end of the shaft is not threaded, 
but it is bored and is fitted with a bolt. The %-in. 20-thread 
Whitworth bolt with small root diameter specified by the 
British is replaced in the proposal of the Sub-Division with 
a larger bolt 7 mm. in diameter and having a finer thread 
of 1-mm. pitch. Owing to the possibility of the No. 3 Wood- 
ruff key breaking into the threaded hole at the end of the 
shaft and resting on the threads of the bolt, an ovoid form 
of flat key, or a Whitney spline type key with its surface 
parallel with the axis of the shaft, is recommended. Sugges- 
tions were also made relative to standardization of shaft 
taper, holding-down flange and hub dimensions. 


COMPARISON OF BALL AND ROLLER BEARINGS 


Members of the Ball and Roller Bearings Division turned 
in a report at this meeting making a comparison between the 
British Engineering Standards Association specification for 
ball and roller bearings for airplanes and the S. A. E. Stan- 
dard. In general, this report indicated that the British tables 
do not show as logical progression in bearings sizes as is 
given by our standard. Their tolerances are closer than 
ours which, American manufacturers have agreed, allow 
minimum variations within which ball bearings can be made 
commercially. 

With the exception of an increased corner radius on certain 
sizes the British standard metric sizes of light type radial 
ball bearings duplicate the S. A. E. annular light series, in 
size and dimensions, with the addition of two sizes from the 
extra small series Nos. 9432 and 9434. The S. A. E. annular 
ball bearings, medium series and heavy series, are identical 
in size and dimensions with the British radial medium and 
heavy types respectively. The British radial bearings, mag- 
neto (detachable type), are like the S. A. E. annular separ- 
able (open) type, but omit S. A. E. Nos. 5, 7, 9, 11, 12 and 
18. The present S. A. E. Standards do not present any 
counterparts of the British special sizes of metric radial ball 
bearings, magneto (detachable type), and special sizes of 
metric radial ball bearings, light, heavy and medium types, 
while the British have no type paralleling the S. A. E. an- 
nular extra small series. 

For annular bearings the British specification defines error 
due to eccentricity as the total deviation from true running 
shown by a suitable indicator during rotation of either race, 
the other race being fixed; thus the eccentricity is based on 
the outside diameter and is measured on the bearing as a 
whole, while S. A. E. tolerances are based on the bore and 
are measured separately for both the inner and outer race. 

Under standard inch sizes of single thrust ball bearings 
the British specification lists a light and an extra light type 
of single thrust and a light type of double thrust bearings. 
None of these thrust bearings are listed in the S. A. E. 
Handbook. 

The British also list radial roller bearings having dimen- 
sions identical with those of their corresponding sizes of ra- 
dial ball bearings. Both in design and dimensions these dif- 
fer from any S. A. E. Standard. 


SUB-DIVISION ASSIGNMENTS 


Sub-Divisions were appointed to prepare reports and make 
recommendations on each of the following subjects: Air- 
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plane Performance Tests, Sand Load Tests of Airplanes and 
Their Component Parts and Purity of Essential Constitu- 
ents of Dope and Cement. 


STATIONARY ENGINE AND LIGHTING PLANT DIVISION 


A meeting of the Division was held at Chicago, Ill., on 
June 1, at which action was taken on a number of subjects. 


RATING OF STORAGE BATTERIES 


The Division, after reviewing the action of the Electrical 
Equipment Division at its meeting of May 29 at Indianap- 
olis, Ind., voted to approve the work of that Division and 


its recommendations on this subject for adoption as an S. A. 
E. Standard. 


BELT SPEEDS FOR STATIONARY FARM ENGINES 


The work of the Tractor Division on Tractor Belt Speeds, 
and its close relation to belt speeds for stationary farm 
engines was reviewed in considerable detail. In discussion, 
it was stated that most stationary engine manufacturers 
have their own standards, and their trouble comes in trying 
to connect up with the various types and makes of imple- 
ment. Too many pulley sizes are needed at present for 
stocks and service, and with the varying conditions to be met, 
engine manufacturers must make many sizes which could 
be eliminated by standardization. 

It was the consensus of opinion that it was not necessary 
to have further stationary farm engine representation on 
the Sub-Division on Belt Speeds of the Tractor Division. 
It was requested, however, that the data gathered and 
the preliminary recommendations include stationary farm en- 
gine practice and that this Division be kept informed as to 
the progress of the work. It was considered advisable that 
notice be given this Division in time to consider the final 
recommendations in a joint session of the two Divisions. 
This plan is desirable because the conditions and require- 
ments of the two types of powerplant are so closely related 
that the best results can be obtained in this way. 


STATIONARY FARM ENGINE RATING 


It is considered desirable to establish a definite method of 
rating stationary farm engines before undertaking to es- 
tablish a standard series of engine sizes. To establish such 
standard rating the work and preliminary recommendation 
of the Tractor Division on Tractor Engine Ratings were re- 
viewed. There was considerable discussion relative to the just 
application of the formula based on 13,000 cu. in. piston dis- 
placement to high and low grade statiecnary engines, but it 
was pointed out that high-grade engines have the advantage 
of operating at higher speeds and efficiencies, and this class 
of manufacturers can therefore guarantee a greater per cent 
capacity above the normal rating. It was brought out that 
low-grade engines must be made larger because they cannot 
operate at the higher speeds, and the rating therefore applies 
to all grades of engine about equally and that the costs of 
manufacture will nearly balance because of the difference in 
the quality of workmanship. 

In discussing testing of engines, it was stated that the 
Army found it necessary to require runs averaging at least 
% hr. at the rated horsepower but 1 hr. would be better. 
Further discussion related to whether the farmer would get 
the power required from engines sold under the proposed 
rating. Engines with a power margin considerably above 
actual requirements were always furnished to be sure of 
operating the user’s implements, it was pointed out, because 
the farmer will check the power of the engine only by its 
ability to pull its implement load and not through brake tests 
which he does not understand. 

It was voted that the Division recommend the formula 
0.7854 D?LRN 


proposed for tractor engines for adoption as 

13,000 
an S. A. E. Standard for normal rated horsepower as apply- 
ing to four-stroke cycle stationary farm engines using gaso- 
line or kerosene fuel. It was stated that maximum full-load 
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rating should be adopted, looking at it from the viewpoint 
of an electrical manufacturer, as electrical apparatus was 
rated at full-load capacity with a certain overload for a cer- 


tain time. It was also brought out that gas engines have 
frequently been overrated. 


SIMPLIFIED SERIES OF ENGINE SIZES 


In the discussion of this subject the opinion was expressed 
that standard sizes are not desirable because their adoption 
by a manufacturer would handicap him in meeting competi- 
tion of other companies which would arbitrarily rate their en- 
gines slightly higher and sell them at the same price. It 
was also stated that engine sizes would be automatically dis- 
continued if in little demand or if proportionately too high 
in production cost. This, it was pointed out, would be offset 
by the standard tending to stabilize the demand, which would 
be to the reliable manufacturer’s advantage. After further 
discussion, during which it was stated that the same bene- 
fits would result to the engine manufacturers as to the 
electrical manufacturers when they eliminated certain sizes, 
it was decided to consider the data already in possession of 
the Division members further and to get the engine manu- 
facturers’ opinions and suggestions relating to the adoption 
of standard sizes for commercial work. A Sub-Division was 
appointed to prepare the necessary inquiry and blank forms 
to be sent to the engine builders. The approximate output 
per year is to be requested in the inquiry. 


VOLTAGE AND CAPACITY RATINGS 


After considering the work already done by the Division 
along this line it was unanimously voted to recommend for 
adoption as an S. A. E. Recommended Practice farm lighting 
outfits having normal capacities of %, %, 1, 1%, 2, 3 and 
5 kw. and a nominal voltage of 32 volts for sixteen cells. 
The speed of the generator when direct-connected to the 
engine is to be 1200 r.p.m. Where the generator is driven by 
a belt connection or is coupled directly to a high-speed en- 
gine the speed is to be 1800 r.p.m. 


OVAL AND ROUND PIPE FLANGES 


A line of round pipe flanges conforming to the American 
Society of Mechanical Engineers and the American Manu- 
facturers’ Standard for 125-lb. American Standard flanges 
was recommended for adoption as an S. A. E. Standard for 
pipe diameters of 1, 1%, 1%, 2, 2%, 3, 3%, 4, 4%, 5 and 
6 in. As no standard for oval pipe flanges exists those pro- 
posed some little time ago will be reconsidered with a view 
to making them conform more nearly, if possible, to the pres- 
ent S. A. E. carbureter flange proportions. 


FLANGES FOR CAST-IRON CARBURETERS 


A drawing has been prepared showing the flanges origi- 
nally proposed for actual opening diameters and S. A. E. 
Standard nominal opening diameters with the next larger 
standard carbureter flange for use with cast-iron carbureters. 
This conforms to the suggestions of fittings, carbureter and 
gasket manufacturers. The question of flange sizes and bolt- 
head clearances when one part of the connection is brass and 
the other iron and the opening is the same diameter was dis- 
cussed. It was suggested that sometimes an adapter would 
have to be used, but that a new standard should conform to 
the present one if possible. Several sizes of carbureter 
flanges for assembling brass and cast-iron carbureters on 
manifolds used in practice will be drawn to scale and sent 
out to manufacturers for suggestions. 


S. A. E. ENGINE TESTING FORMS 
It was voted to adopt the present S. A. E. Standard En- 
gine Testing Forms for stationary engine work with certain 
additions so that they can be used in either automobile or 
stationary engine practice. These additions are to be marked 


so as to refer to footnotes indicating that they are for use 
with stationary gas and farm engines only. 


CRANKSHAFT DIAMETERS AND PULLEY EXTENSIONS 
Data on this subject have been collected and will be dis- 








Vol. V July, 1919 No. 1 


eee MG (tna a 


92 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


tributed to the Division members shortly. It will also be 
referred to the Tractor Division for consideration in con- 
nection with Belt Speeds. 


VALVES AND VALVE COLLARS 


As many stationary engine manufacturers use cast-iron 
exhaust valves, with steel or cast-iron collars held in differ- 
ent ways, it was considered desirable by the Division to give 
the subject further consideration. The Standards Manager 
will take this matter up with stationary engine manufac- 
turers who generally make their own valves and report to 
the Division. 


SUBJECTS DISCONTINUED 


It was unanimously voted to discontinue further considera- 
tion of Portable Truck Engine Mountings: Cylinders, Lubri- 
cators and Grease-Cups and Screws, Studs, Nuts and Lock 
Washers. 


TIRE AND RIM DIVISION 


At a meeting of the Division held at Cleveland, Ohio, on 
June 4 it was voted to make definite recommendations on the 
following subjects: Solid Tire Sizes, Solid Tires for Single 
and Dual Wheels, Carrying Capacity of Solid Tires, Solid 
and Pneumatic Tire Equipment for Commercial Vehicles, 
Solid Tire and Wheel Diameters and Wheel Circumferences, 
Base Bands for Solid Tires, Solid Tire Sections, Section 
Dimensions of Single and Dual Solid Tire Wheels, Pneumatic 
Tires and Rims for Passenger Cars and Commercial Vehicles, 
Carrying Capacities and Inflation Pressures of Automobile 
Pneumatic Tires and Wood Felloe Dimensions for Pneu- 
matic Tire Rims. 


PNEUMATIC TIRES FOR MOTORCYCLES 


It was voted to ask the Council to withhold the present 
Standard from publication and to instruct the Sub-Division 
on Pneumatic Tires for Passenger Cars to obtain suggestions 
from motorcycle manufacturers as to what would constitute 
the best practice and when this information was received to 
prepare and present a definite recommendation to the 
Division. 

VALVE HOLE SIZE—AUTOMOBILE RIMS 


As the Sub-Division reported that the question of the 
proper size and shape of the 8 and 10 in. valve holes had 
been tabled pending receipt of further data from manufac- 
turers, it was voted to refer this subject to the Tire and 
Rim Association for a recommendation. 


RIM DIMENSIONS OF CAST-STEEL WHEELS 


The Sub-Division reported that this is one of several sub- 
jects in regard to cast-steel wheels which the Sub-Division 
was to consider in conjunction with the Automotive Metal 
Wheel Manufacturers’ Association but that no definite ac- 
tion had been taken which could be reported at the meeting. 
The opinion was expressed that this subject does not come 
within the scope of the Tire and Rim Division, because in 
cast-steel wheels it is impossible to differentiate between the 
end of the spoke and the felloe band, the entire wheel from 
the hub out being an integral part. It was the consensus of 
opinion that this subject should be referred back to the 
Council until further action is taken relative to the appoint- 
ment of a Division to handle wheel standardization. 


TIRE EQUIPMENT FOR COMMERCIAL VEHICLES 


It was felt that the table of tire equipment submitted by 
the Sub-Division represents good present-day practice and 
will assist tire manufacturers in making identical tire recom- 
mendations. After discussion certain changes were consid- 
ered advisable in the recommendation as submitted. With 
these revisions it was voted that the following table should 
be submitted to the Standards Committee for publication as 
general information only: 


Front Wheels 
Pneumatic Solid 
Tire Size, Tire Size, 


Sizeof Maximum 
Truck, Weight per 


tons Wheel, lb. in. in. 

3% 800 33x4 or 35x5 None 
1 1,000 34x4% 34x3% or 36x3% 
1 ly, 1,200 34x4% 34x3% or 36x3% 
2 1,500 35x5 34x4 or 36x4 
2% 1,800 36x6 36x5 
3 2,000 36x6 36x5 
3% 2,100 36x6 36x5 
4 2,300 38x7 36x6 
5 2,700 38x7 36x6 

Rear Wheels 


Pneumatic Solid 
rire Size, Tire Size, 


Sizeof Maximum 
Truck, Weight per 


tons Wheel, lb. in. in. 

3% 1,600 35x5 None 
1 2,100 36x6 34x5 or 36x5 
1% 3,000 38x7 36x6 
2 3,500 40x8 36x7 
2% 4,000 40x8 36x7 
3 5,200 44x10 36x5 (dual) or 36x10 
3% 5,700 44x10 40x5 (dual) or 40x10 
4 6,500 48x12 40x6 (dual) or 40x12 
5 7,800 48x12 40x6 (dual) or 40x12 


All pneumatic tires to be of cord construction. 


WOOD SPOKE DIMENSIONS FOR PASSENGER CARS 
The Sub-Division reported that the recommendation made 
at the last Standards Committee Meeting which was referred 
back to the Division for further consideration had been re- 
vised but was not in final form to be acted upon by the 
Division. 
WHEEL STANDARDIZATION 


It was reported that the Automotive Wood Wheel Manu- 
facturers’ Association, the Automotive Metal Wheel Manu- 
facturers’ Association and certain axle manufacturers were 
actively engaged in standardizing hub flanges and bore diam- 
eters for both passenger cars and commercial vehicles and 
that a report was expected shortly which should be presented 
to the Standards Committee for consideration. The sense of 
the meeting was that the subjects did not come within the 
jurisdiction of the Tire and Rim Division which was already 
unwieldy and did not include the proper personnel for such 
work and should be handled by a separate Division. The 
recommendation that this report be submitted to the Coun- 
cil for proper disposition met with approval. 

It was voted to refer the subject of Tires for Trailers to 
the Sub-Division on Solid Tires for preliminary considera- 
tion and to discontinue further consideration of Rubber Tires 
for Tractors. 

Mororcycie Division 

Recommendations on Spark-Plug Shells, Head-Lamp 
Mounting Lugs and Supporting Prongs and Motorcycle 
Chains have been prepared as a result of Division meetings 
at Chicago, Ill., on May 12 and June 2. A Sub-Division was 
appointed to consider Magneto Dimensions for Motorcycles. 
The subject of Motorcycle Tires was referred to the Tire 
and Rim Division for further action and it was voted to 
discontinue further consideration of Rear Wheel Hubs since 
each manufacturer makes his hubs according to his own 
designs and a standard would not be of any particular value 
besides opening the way for the general manufacture of 
hubs that did not conform to the standard of quality main- 
tained by motorcycle manufacturers. 


TrucK STANDARDS DIvISION 
A meeting of the Division was held at Detroit, Mich., on 
May 27 at which action was taken on a number of subjects. 


TRACK OF TRUCK WHEELS 


The varied conditions to be met on roads in various parts 
of the country where the width of wheel tracks varies con- 
siderably were generally discussed. In the opinion of the 
members the standard tracks should be measured at the 
inside edges of the tires rather than between tire centers. 
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This work involves a consideration of frame widths and three 
standard widths were suggested as covering the range of 
truck sizes. 


Frame Width, in. Nominal Truck Size, tons 


34 Under 3 
36 3 and 3% 
38 Over 3% 


As many 1-ton trucks have offset frames this is a neces- 
sary feature to consider in standardizing. The data to be 
obtained will cover both pneumatic and solid tires which have 
an influence on the turning radius. 


CARRYING CAPACITY OF SOLID TIRES 


The report of the Tire and Rim Division, presented at its 
meeting of May 20, was read and discussed. A report on 
this subject will be prepared for the next Division meeting 
and a joint meeting with the Tire and Rim Division will be 


held to work out a satisfactory recommendation for an 
S. A. E. Standard. 


TRUCK BODY INSTALLATION DIMENSIONS 


If was the consensus of opinion that this work should be 
based on information obtained through general circulariza- 
tion to learn what is the present practice and also if possible 
what is contemplated for the future. In discussing body load 
distribution, it was stated that there is generally a certain 
percentage of loading space allowed. The consensus of opin- 
ion regarding the number of wheel bases for any size of truck 
is that two are sufficient for a standard for all general pur- 
poses. The subjects of Track of Truck Wheels and Spring 
Center Distances now before the Division are so closely re- 
lated to this that they are to be included in the circulariza- 
tion and analysis of this one. It was suggested that the 
standard should include minimum clearance dimensions be- 
tween the top of the rear tires and bolts and bolsters under 
the body platform. This is because such projections fre- 


quently cut the tires badly when jolting over rough spots 
in the road. 


BRAKE TEST AND EFFICIENCY FORMULA 


It was reported that experimental work was being done 
on this subject and it was hoped to make arrangements for 
conducting tests on the Class B trucks. 


PERSONAL NOTES 


N. S. Atwell has severed his connection with the U. S. Ball 
Bearing Mfg. Co., Chicago, Ill. He has made no plans for 
the immediate future. 


G. Edward Barnhart has resigned as chief engineer in 
charge of the production of Handley-Page planes at the 
plant of the Standard Aircraft Corporation, Elizabeth, N. J., 
and has accepted the position of mechanical engineer in the 
experimental engineering department of the B. F. Goodrich 
Co., Akron, Ohio. 

J. M. Donnelly has severed his connection with the Conti- 
nental Motors Corporation, Muskegon, Mich., and has asso- 
ciated himself with the Master Pattern Co. of the same city. 


George N. Duffy has resigned as general superintendent of 
the Canadian Aeroplanes, Ltd., Toronto, to accept a position 
with the Canadian Cartridge Co., Hamilton, Ont., Can. 


B. B. Fornaciari, formerly production manager of the Mid- 
land Motor Car & Truck Co., Oklahoma City, Okla., has 
accepted a position as sales engineer with the Buda Co., Har- 
vey, Ill. 

Carl R. Hennicke has resigned as assistant engineer with 
the Lippard-Stewart Motor Car Co., Buffalo, N. Y., and has 
accepted a position with the sales force of the Eberhard Mfg. 
Co., Cleveland, Ohio. 

J. W. Hobbs, who has been serving as commanding officer 
of the Fourth Heavy Mobile Ordnance Repair Shop with the 


American Expeditionary Force in France, has been promoted 
to the rank of captain. 


CURRENT STANDARDIZATION PROGRAM 


BRAKE LINING SPECIFICATION 


A Sub-Division was appointed to prepare a recommenda- 
tion on this subject. 


ELECTRICAL EQUIPMENT DIvIsIOoN 


A meeting of the Division was held at Indianapolis, Ind., 
May 29. At that time definite recommendations were made 
covering the Rating of Storage Batteries for Farm Lighting 
Equipment. It was voted to give no further consideration 
to the Barrel Mounting for Generators. Sub-Divisions were 


appointed to consider Magneto Dimensions and Voltage Tests 
for Insulated Wire. 


IRON AND STEEL Division 


A joint meeting of this Division and Sub-Committee X of 
Committee Al of the American Society for Testing Ma- 
terials was held at New York City on May 15. F. P. Gilli- 
gan stated that the work of this Division in connection with 
the preparation of steel specifications would undoubtedly be 


accepted by both societies at their meetings to be held the 
latter part of June. 


LicuTiInG Drvision 


At a meeting of the Division, held at New York City on 
May 22, definite recommendations on Focusing Lengths of 
Incandescent Lamps were made. The work of the Sub- 
Division on Head-Lamp Illumination in connection with the 
formulation of specifications for car equipment and the rules 
of procedure to be followed in the running tests mentioned 
in the May issue of THE JOURNAL was approved. The neces- 
sity for the standardization of Lens Sizes was discussed at 
a Sub-Division meeting held at Columbus, Ohio, on June 9 
and definite action taken regarding the dimensions which 
would reduce the number of diameters now in use. 


MISscELLANEOUS DIVvISION 


Meetings of the Division were held at Detroit, Mich., on 
May 7 and 26. Recommendations were made covering Steer- 
ing Wheel Hubs, Hub Odometers for Trucks, Tank and Radia- 
tor Caps and Flexible Metal Tubing. Sub-Divisions have 
been appointed to consider Brake-Shaft Bushings, Exhaust 
Heater Connections and Speedometer Mountings. 


OF THE MEMBERS 


Edward L. Jones, who has been associated with the sales 
departments of the Remy Electric Co. and Standard Parts Co., 
has been appointed special factory representative of the Per- 
fection Heater & Mfg. Co., Cleveland, Ohio. 

O. F. Kropf, secretary-treasurer, Findeisen & Kropf Mfg. 
Co., Chicago, Ill., has been elected president of the recently 
formed Beneke-Kropf Mfg. Co. The new organization has 
succeeded the Findeisen & Kropf Mfg. Co. and will continue 
the manufacture of the Rayfield carbureter. 

Stanley P. McMinn has resigned as managing editor of 
Motor World and has organized the McMinn Tire Co., Inc., 
with headquarters at Bridgeport, Conn. 

F. W. Marschner has been appointed manager of the De- 
troit office of the New Departure Mfg. Co. as the successor 
of the late Samuel B. Dusinberre. He has been associated 
with the office as a sales engineer for approximately the past 


os 


( yr. 


Richard A. Oglesby has been discharged from the service 
of the Ordnance Department with the rank of first lieutenant 
and has associated himself with the sales organization of the 
Eisemann Magneto Co., Brooklyn, N. Y. 

E. F. Paepper has resigned as chief engineer of the Re- 
public Motor Truck Co., Inc., Alma, Mich., to accept the 
position of chief engineer with the All American Truck Co., 
Chicago, Il. 

Francis W. Parker, Jr., of Parker & Carter, Chicago, IIL, 
has been appointed on the Membership Committee of the So- 
ciety succeeding Lon R. Smith, who has resigned. 











C. S. Pelton, who has been engineer in the heater divi- 
sion of the Standard Parts Co., Cleveland, Ohio, for the last 
4 yr., has been elected vice-president and general manager 
of the recently formed Perfection Heater & Mfg. Co., Cleve- 
land, Ohio, which has taken over the business of the Per- 
fection heater division of the Standard Parts Co. 

Walter M. Petty has resigned as assistant engineer with 
the Service Motor Truck Co., Wabash, Ind., to accept the 
position of assistant engineer with the Buda Co., Harvey, III. 

A. R. Sandt has been appointed chief engineer of the Mc- 
Vicker Engineering Co., Minneapolis, Minn. He has just been 
released from the motor equipment section of the Ordnance 
Department, where he was engaged as a draftsman on trac- 
tors. 

Edward A. Sipp, who has been serving as aeronautical 
mechanical engineer in the production engineering depart- 
ment, Bureau of Aircraft Production, Washington, has left 
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ABBOTT, PauL W. (M) chief inspector, Lincoln Motor Co., 
Mich., (mail) 195 Louis Avenue, Highland Park, Mich 

ACKERLIND, D. M. (M) chief draftsman, 
Carriage Co., Moline, Ill., (mail) 
Rock Island, Ill. 

ALTHOUSE, ANDREW D. (S. 
Arbor, Mich., (mail) 510 Cheever Court 

ARNOLD, ALBERT (A) inotor superintendent, Gray Motor Co., Detroit, 
Mich., (mail) 86% Garland Avenue. 

BANE, CoL. THURMAN H. (S. M.) Air Service, McCook Field, Dayton, 
Ohio. 

BARRY, WILLIAM CRAWFORD (A) vice-president and general man- 
ager, Selden Motor Vehicle Co., Rochester, N. Y 

BERNDT, ARTHUR (M) aeronautical mechanical engineer, Bureau of 
Aircraft Production, Standard Aircraft Corporation, Elizabeth, 
N. J., (mail) 248 South Broad Street. 

BoRLAND, DONALD (S. E.) student, University 
Arbor, Mich., (mail) Imlay City, Mich. 

BRADLEY, CLIFFORD Ives (A) sales engineer and 
Fisk Rubber Co., Chicopee Falls, Mass., 
Street, Springfield, Mass. 

BREYTSPRAAK, WALTER M. (S. E.) student, Armour Institute of Tech- 
nology, Chicago, Ill. (mail) 178 North LaPorte Avenue 
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BUCKENDALE, CapTr. L. Ray (S. M.) Ordnance Dept., (mail) 96 
Army Avenue, Detroit, Mich. 
BUCKINGHAM, EARLE (M) mechanical engineer, Pratt & Whitney 


Co., Hartford, Conn. 

Butzow, L. J. (M) engineer, 
Boulevard, Detroit, Mich. 

CAMPBELL, RoBERT HENRI (A) inspector and zone supply officer, 
motor and vehicle division, Quartermaster Corps, New York 
City, (mail) Locomobile Co. of America, Bridgeport, Conn. 

CarEy, P. H. (A) commercial engineer, Sprague Electric Works, 
870 Woodward Avenue, Detroit, Mich. 

CARROLL, Guy B. (A) vice-president and mechanical 
expert, Mutual Automobile Association, 
(mail) 114 West Grant Street. 

CHADDERTON, SYDNEY S. (M) lubrication engineer, Standard Oil Co., 
200 Bush Street, San Francisco, Cal. 

CHANDLER, F. F. (M) manager of sales, 
Indianapolis, Ind. 
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the Government service and is now connected with the Dayton 
Fan & Motor Co., Dayton, Ohio. 


Lon R. Smith has resigned as sales manager of the Buda 
Co., Harvey, Ill., to accept the position of general sales and 
advertising manager with the Midwest Engine Co., Indian- 
apolis, Ind. 

John M. Steinau has been discharged from the Sani- 
tary Corps with the rank of sergeant and has accepted a 
position in the engineering department of the Walker Ve- 
hicle Co., Chicago, Il. 

Henry A. Tuttle, chief engineer of the Evans Stamping & 
Plating Co., Taunton, Mass., and Wallace W. Tuttle of De- 
troit have formed the Engineering Service Corporation, De- 
troit, Mich. The new organization will specialize in the de- 
sign of special-purpose machinery for the automotive indus- 
tries and tools. 
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Book Reviews 


for 
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This section of THE JOURNAL contains notices of 
the technical books considered, to be of interest to 
members of the Society. Such books will be described 
as soon as possible after their receipt, the purpose being 
to show concisely the general nature of their contents 
and to give an estimate of their value 


MOTOR VEHICLE ENGINEERING—ENGINES FOR AU- 
TOMOBILES, TRUCKS AND TRACTORS. By Ethelbert 
Favary. Published by the McGraw-Hill Book Company, 
Inc., 239 West Thirty-ninth Street, New York City. Cloth, 
6 by 9 in., 330 pages, 133 illustrations. Price $3 net. 

This book which gives the latest available information on 
the design and testing of automobile and truck engines rep- 
resents standard American practice. Every phase of the 
subject is covered in a clear, concise treatment which em- 
ploys simple mathematics, only elementary algebra and a lit- 
tle trigonometry being used. The volume is intended to pro- 
vide automobile designers and engineers with the informa- 
tion needed in their everyday work as well as draftsmen, 
technical graduates, mechanics and others engaged in differ- 
ent branches of engineering. It covers modern motor vehicle 
engineering practice in relation to engineering design and 
gives simple formulas for determining the strength and di- 
mensions of the various parts entering into the construction 
of the present-day engine. Particular attention is paid to 
truck engine design and much of the information presented 
has not appeared in book form heretofore. 

The principles of the operation of the engine are first 
touched upon, followed by chapters on compression, combus- 
tion and expansion of gas, cylinder clearance and compres- 
sion. The theory of the four-cycle engine as disclosed by 
the indicator diagram is next discussed, after which chapters 
dealing with the various parts of the engine are presented. 
The power of engines, their efficiency and cost are touched 
upon, followed. by instructions on the making of brake horse- 
power tests with various forms of dynamometers, the deter- 
mining ©f the mean effective pressure and the use of the 
manograph in testing engines. The tractive effort and power 
required for motor vehicles are discussed together with the 
tractive factor, torque, etc. A chapter on materials with 
detailed specifications is included, together with information 
on the hardening of steel and the method of testing the 
hardness of materials which should prove of help to en- 
gineers and designers. The work is profusely illustrated 
with an abundance of detail drawings and diagrams and 
will not only prove of value to draftsmen and designers but 
should help to familiarize large users of trucks and automo- 
biles with the technical details of the engines in general use. 





